Eye {#s0010}
===

Brian P. Wilcock

General Considerations {#s0015}
----------------------

*The role of the veterinary pathologist in the diagnosis of ocular disease is usually restricted to histologic examination.* Gross pathology of the eye is the realm of the clinical ophthalmologist.

The reluctance of many pathologists to embrace ophthalmic pathology stems from the disappointing quality of sections made from formalin-fixed globes processed by routine methods, from unfamiliarity with ocular anatomy and histology, and from fear of the complex terminology shared by clinical ophthalmology and ophthalmic pathology. At least equally daunting is the need to be familiar with the ever-growing list of specific ocular syndromes, the correct identification of which has huge significance in terms of therapy and prognosis. There are many examples in which a perfectly adequate description and general morphologic diagnosis will nonetheless fail to communicate the appropriate prognostic or therapeutic information, simply because the clinician reading the report cannot make the connection between the histologic description and the specific clinical syndrome as outlined in clinical reference texts.

### Ocular fixation {#s0020}

*The eye undergoes very rapid postmortem/postenucleation change that not only obscures subtle degenerative lesions but also mimics genuine developmental or degenerative diseases.* Even with a globe obtained within minutes of death or surgical removal, improper handling of the specimen frequently results in a section of poor quality. The globe can be speedily and gently removed by grasping the third eyelid with forceps and applying traction to the globe while making a circumferential incision at the fornix. Blunt curved scissors inserted through this incision may be used to sever the extraocular muscles and optic nerve, and allow the globe to be removed from the orbit. All orbital fat and extraocular muscles should be gently removed from the sclera to permit rapid penetration of fixative to the retina.

The choice of fixative depends upon the disease suspected and upon the type of examination to which the eye will be subjected. *Formalin* has the advantage of ready availability, ease of shipment, little danger of overfixation, and adequate preservation of color and macroscopic detail for photography. Also, it permits localization in the bisected globe of lesions identified ophthalmoscopically, and the use of electron microscopy should such examination be warranted by the findings of light microscopy. However, formalin penetrates the sclera slowly, and there are postmortem changes, including retinal detachment, even in globes fixed immediately after death or surgery. Injection of formalin into the vitreous (0.25 mL for a dog or cat, 2.0 mL for a horse) greatly improves retinal fixation and helps prevent the almost inevitable retinal detachment that follows routine formalin fixation. Rapid-penetrating fixatives, such as *Zenker\'s, Davidson\'s, or Bouin\'s,* are preferred for globes in which preservation of histologic detail, especially retinal detail, is paramount. All render the globe and its refractive media opaque and less suitable for macroscopic assessment and photography than does formalin, but they also make the globe more rigid and therefore much easier to trim in preparation for histologic processing. All require strict attention to the duration of fixation.

Key PointsConsidering ease of use, quality of fixation, and product safety, Davidson\'s fixative is the best overall ocular fixative.

In all domestic animals, *the preferred section for histology is made from a mid-sagittal slab that includes pupil and optic nerve,* thereby allowing examination of both tapetal and nontapetal fundus in the same section. **Attempting to slice the fixed globe with a scalpel blade is perhaps the single biggest contributor to sections of poor quality.** *The optimal cutting instrument is a new disposable microtome blade.*

Because there is no easily accessible instruction manual on how to obtain a good histologic section, those details are included here.•The fixed globe, free of extraocular muscles and eyelids, is opened by a smooth sagittal incision beginning adjacent to the optic nerve and ending with the cornea.•The correct 6:00-12:00 o-clock orientation, needed to capture tapetal and nontapetal fundus, is insured by making the incision at right angles to the orientation of the posterior ciliary artery ([Fig. 5-1A](#f0010){ref-type="fig"} ).Figure 5-1**Trimming a fixed eye. A.** The first incision is made from back to front, perpendicular to the posterior ciliary artery and just adjacent to the optic nerve. **B.** The second cut, made from front to back to avoid detaching the retina, is parallel to the first and far enough to the periphery to miss the lens.•The open globe is then inspected for macroscopic lesions.•A second cut, parallel to the first, is made from the cornea backward through the retina ([Fig. 5-1B](#f0010){ref-type="fig"}).•That second cut should be far enough to the periphery to leave the already bisected lens undisturbed, for a second cut through the lens will surely dislocate it.•The resulting slab should be lifted carefully into a thick processing cassette or a tissue bag.•Even though the piece of tissue is as much as 1 cm thick, it is hollow and thus presents no difficulty in terms of automated tissue embedding procedures.

Key Points**Habitually poor sections?**By far the most common reason for poor histologic sections is trimming the fixed globe with a scalpel blade. Switching to a disposable microtome blade will make a huge difference. The second most common reason is trying to make your specimen thin enough to fit in a regular tissue cassette for processing. Whenever possible, use deeper embedding cassettes (or tissue bags) that allow you to avoid hitting the lens with your second cut as described previously.

Developmental Anomalies {#s0025}
-----------------------

Ocular developmental defects are common in domestic animals, particularly in purebred dog breeds in which extensive line-breeding has been used to increase the predictability of the phenotype.

*Anomalies are usually multiple, which reflects the stepwise induction and interdependence of the various parts of the developing eye.* Without proper consideration of ocular embryology, any discussion of the lesions found in anomalous eyes threatens to be just a catalog of observations rather than a roadmap to understanding that such lesions are all predictable results of a relatively small number of errors in organogenesis. It is also important to recognize the differences in normal ocular structure among the various species, and the different rates at which mature form is attained. For example, the retina of carnivore eyes continues to develop for \~6 weeks postnatally, whereas that of ruminants and horses is mature at birth. Thus a condition such as retinal dysplasia is necessarily an in utero event in ungulates, but may be in response to early postnatal injury in carnivores. In the globes of carnivores, the terms congenital and developmental are therefore not synonymous.

###  {#s0030}

#### Review of early ocular organogenesis {#s0035}

The primary optic vesicle is an evagination of the forebrain that, with differential growth of brain and surface ectoderm, becomes separated from the presumptive diencephalon by the *optic stalk.* The apposition of primary optic vesicle to overlying surface ectoderm induces a focal ectodermal thickening, the *lens placode.* The placode grows to form a primitive *lens vesicle.* It is the developing lens that orchestrates the invagination of the optic vesicle to form the bilayered *optic cup* and bring the lining neuroectoderm into the apposition that provides the future photoreceptor and pigment epithelial layers. Surrounding the optic cup is a mass of *mesenchyme,* derived from neural crest, which will form the vascular and fibrous tunics of the eye (iris and ciliary body stroma, corneal stroma and endothelium, choroid and sclera) under the induction of the differentiating neuroectoderm ([Fig. 5-2](#f0015){ref-type="fig"} ). *Ocular adnexa and muscles* form independently and seem not to require normal development of the globe, as evidenced by the presence of normal lacrimal gland, lids, and extraocular muscles in most cases of severe microphthalmos.Figure 5-2**Canine embryo** at 34 days of gestation. Lids fused, cornea fully formed. Large lens surrounded by complete vascular tunic derived caudally from hyaloid artery and rostrally from the future pupillary membrane. The iris is not yet formed.
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### Defective organogenesis {#s0055}

Failure of the eye to attain even the stage of optic cup is a rare occurrence and is usually of unknown cause. The defect is usually bilateral but asymmetrical, and the severity of the defect relates to the stage of organogenesis at which the insult occurred. Failure of formation of the primary vesicle, or its early and complete regression, is *true anophthalmos* and is very rare. Failure of optic vesicle invagination gives rise to the very rare *congenital cystic eye.* Incomplete invagination results in *congenital retinal nonattachment.* Failure of division (or subsequent fusion) of the optic primordium as it grows from the telencephalon results in very rare true *cyclopia.* More prevalent is *synophthalmos,* a single dysplastic midline globe that microscopically will have duplication of at least some intraocular structures to indicate either partial separation of the optic vesicles or subsequent fusion.

#### Anophthalmos and microphthalmos {#s0060}

*Anophthalmos, total absence of ocular tissue, is a very rare lesion,* and almost all cases described are more correctly termed *severe microphthalmos* because some vestige of eye is found in serially sectioned orbital content. The usefulness of distinguishing between the two is questionable, and *many authors have adopted the term "clinical anophthalmos" for all such cases.* Concurrent anomalies of skeletal and central nervous systems are common.

Macroscopic examination of orbital content usually reveals a normal lacrimal gland and vestigial extraocular muscles. The globe is usually recognized as an irregular mass of black pigment, with structures such as cornea or optic nerve variably recognizable ([Fig. 5-3A, B](#f0020){ref-type="fig"} ). Histologically, there is almost always a mass of pigmented neuroectoderm, reminiscent of ciliary processes, and some effort at retinal differentiation. There is frequently some remnant of lens, a finding that suggests regression of an embryonic globe that had reached at least the stage of optic cup. One or more plates of cartilage, presumably derived from third eyelid analogue, are common.Figure 5-3**A. Secondary microphthalmos.** The miniature globe lies within a normal orbit, implying secondary microphthalmos. **B.** Even when tiny, such globes always retain at least some pigmented uveal tissue.

Mild and moderate microphthalmos is much more common, and may occur by several different mechanisms. Primary microphthalmos results from inadequate growth of the primary optic vesicle or early optic cup, and is usually accompanied by a variety of other intraocular anomalies as well as a small palpebral fissure. The size of the palpebral fissure is determined by the size of the optic vesicle during its contact with the fetal surface ectoderm, so those examples of microphthalmos accompanied by a small palpebral fissure can be ascribed to very early interference with optic vesicle formation. A separate mechanism for primary microphthalmos is failure to establish or maintain intraocular pressure, probably stemming from incomplete closure of the optic (embryonic) fissure. In those globes, lenticular and retinal growth is not affected, and so those structures become disproportionately large when contrasted to the stunted growth of choroid, anterior uvea, and sclera. Virtually all globes with primary microphthalmos have multiple ocular anomalies, including anterior segment dysgenesis, persistent embryonic vasculature, and cataract, and not just "miniaturization."

Most examples of clinically diagnosed sporadic microphthalmos are probably not primary developmental anomalies, but responses by the fetal or neonatal globe to traumatic or other injuries that result in a cessation of development or even regression. This is particularly true in carnivores, in which the globe continues to develop for several weeks after birth and is thus susceptible to interference by penetrating trauma or neonatal infections.

#### Cyclopia and synophthalmos {#s0065}

Damage to the prosencephalon prior to the outgrowth of the optic vesicles may result in improper separation of paired cranial midline structures, including eyes. *Cyclopia is a fetal malformation characterized by a single median orbit containing a single globe.* Most specimens have some duplication of intraocular structures, such as lens, iris, or hyaloid vessels, and are thus more properly considered *incomplete separation or early fusion (synophthalmos)* ([Fig. 5-4A, B](#f0025){ref-type="fig"} ). Some specimens have 2 dysplastic globes within a single orbit. Severe cranial anomalies invariably accompany cyclopia and synophthalmos, including absent or deformed ears, a median proboscis, cranioschisis, cleft palate, and brain anomalies ranging from microcephaly to hydranencephaly and hydrocephalus.Figure 5-4**A. Synophthalmos.** Typical "cyclopian" calf with multiple facial anomalies. **B.** Duplication of lens and a midline septum indicate synophthalmos rather than cyclopia.

Cyclopian-like malformations have been reported in sheep, chickens, and dogs, and as inherited defects in cattle, but the most thoroughly documented cases are in sheep grazing alpine pastures rich in the legume *Veratrum californicum.* Fresh and dried plants contain 3 steroidal alkaloids---jervine, cyclopamine, and cycloposine---capable of damaging the developing neural groove of the fetal lamb. Ewes eating the plant on gestational day 15 have lambs with the cyclopian malformation, for it is at that time that the neural groove has formed and the first cranial somites are forming. A similar syndrome has been produced in kids and calves by maternal feeding of the plant on day 14 of gestation. Ingestion of the alkaloids before day 15 in sheep may cause fetal death but no anomalies, and exposure soon after day 15 may cause various skeletal abnormalities but not cyclopia.

In naturally occurring outbreaks, affected lambs have deformities ranging from cyclopia with microcephaly to relatively normal lambs with harelip and cleft palate. Prolonged gestation is common in the case of severely malformed fetuses.

#### Cystic eye and retinal nonattachment {#s0070}

Failure of apposition of the optic vesicle to the cranial ectoderm results in failure of lens induction, which in turn removes the major stimulus for invagination of the optic vesicle to form the optic cup. *Persistence of the primary optic vesicle is seen as a cystic eye* ([Fig. 5-5A, B](#f0030){ref-type="fig"} ), consisting of a scleral sheet lined by neuroectoderm of variable neurosensory and pigmentary differentiation. The absence of lens and of bilayered iridociliary epithelium distinguishes this rare lesion from the more common dysplastic eye of secondary microphthalmos.Figure 5-5**Cystic globe in a foal. A.** There is no lens, no attempt at invagination, and no neurosensory differentiation. The cartilage plate is probably derived from the third eyelid. **B.** Cystic globes have just a single layer of neuroectoderm, indicating a failure of involution of the optic vesicle.

Incomplete invagination of the optic vesicle allows persistence of the cavity of the primary optic vesicle and prevents attachment of the presumptive neurosensory retina to the developing retinal pigment epithelium (RPE). *In the postnatal globe, retinal nonattachment cannot easily be distinguished from acquired retinal separation.* In each instance, the retina is extensively folded and may have improper differentiation of neuronal layers. The diagnosis of retinal nonattachment is assisted if there is also lack of apposition between the 2 layers of neuroectoderm covering the anterior uvea (destined to be iridal and ciliary epithelium) and if retinal rosettes are evident. In addition, because nonattachment is an early and fundamental error in organogenesis, such eyes usually lack a lens and probably will be microphthalmic with multiple anomalies.

A syndrome of multiple ocular anomalies reflecting a less profound defect in the formation of the optic cup has been reported in Rocky Mountain horses. The defects are always bilateral and are characterized primarily by the presence of multifocal defective adhesion between the inner and outer layers of the optic cup. These are manifested as numerous cysts involving the posterior iris, ciliary body, and peripheral retina. Less frequent anomalies, such as iris hypoplasia and megalocornea, are probably secondary manifestations of improper maturation of the neuroectoderm at the anterior lip of the optic cup.

#### Coloboma {#s0075}

*The mildest and latest defect in organogenesis results from failure of complete fusion of the lips of the optic (embryonic) fissure,* a slit-like but normal channel in the floor of the optic cup and stalk through which the vasoformative mesoderm and stromal mesenchyme enter the globe. Failure of closure of the fissure may occur anywhere along its length, but the channel persists most frequently as a notch-like defect of the caudal pole at, or just ventral to, the optic disc. Its exact location can vary substantially. Such defects are known as colobomas ("congenital missing parts"). When they occur as the result of a failure of closure of the most posterior portion of the optic fissure, they are known as "typical" colobomas, and are lined by an outpouching of dysplastic neuroectoderm. If the defect is sufficiently large, the outpouching of neuroectoderm induces a similar bulge in the sclera, termed **scleral ectasia** ([Fig. 5-6](#f0035){ref-type="fig"} ). Occasionally, such ectasias are so large as to form a **retrobulbar cyst** as large as the globe itself ([Fig. 5-7](#f0040){ref-type="fig"} ). Regardless of size, the lining of the scleral coloboma is formed by neuroectoderm that bulged through the defect in the optic cup. Abortive neurosensory differentiation within the cyst wall is common and permits definitive identification of the retrobulbar cyst as being a coloboma. Segmental defects in the development of uvea or sclera occurring in sites other than the optic fissure are known as "atypical" colobomas and have a separate pathogenesis related to improper induction of uveal and scleral maturation by defective neuroectoderm ([Fig. 5-8A, B](#f0045){ref-type="fig"} ).Figure 5-6**Coloboma and scleral ectasia** adjacent to the optic disc, accompanied by retinal separation, in Collie eye anomaly. Bouin\'s fixative.Figure 5-7**Retrobulbar cyst** formed by coloboma and massive scleral ectasia in a calf. The globe is small, and the retina is completely separated.Figure 5-8**Coloboma.** Atypical coloboma created by segmental aplasia of retina, choroid, and sclera.

*Colobomas occur in all domestic species, but are especially frequent in Collie dogs as one manifestation of Collie eye anomaly, and in Australian Shepherd dogs with merle ocular dysgenesis syndrome.* In Collies (and less frequently in Border Collies and Shetland Sheepdogs), they usually arise within or just adjacent to the optic disc. They appear to arise as focal defects in the induction of sclera and choroid that normally is stimulated by the RPE that is forming from the outer layer of the optic cup. Because the exact location of the embryonic fissure is somewhat variable, it is difficult to determine how many examples of coloboma are the result of delayed closure of that normal embryologic structure, and how many represent some more fundamental defect in the proper interaction of RPE and the developing periocular mesenchyme destined to form choroid and sclera. Proper maturation of the RPE and in particular, the normal acquisition of pigmentation, appears to be critical to the induction of normal mesenchymal migration and maturation. Failure by the developing RPE to induce proper mesenchymal maturation results in such varied anomalies as choroidal hypoplasia, segmental or diffuse iris, and ciliary hypoplasia (known clinically as **iris coloboma),** and even microphthalmia. Because of its frequent association with the merle dilution defect in the coat color of dogs, the general syndrome is known as merle ocular dysgenesis and is particularly prevalent in Australian Shepherd dogs. It is similar, but not identical, to Collie eye anomaly. The same defect occurs, with much less frequency, in color-dilute (incompletely albinotic) horses, cattle, non-merle dogs, and cats. In Charolais cattle, colobomas of (or near) the optic disc are inherited as an autosomal dominant trait with incomplete penetrance. The lesion is bilateral but not necessarily equal in severity.

### Defective differentiation {#s0080}

Subsequent to formation of the optic cup, ocular differentiation involves continued differentiation of neuroectoderm into retinal and uveal neuroepithelium, and induction of primitive periocular neural crest mesenchyme to form the sclera and uvea. The normal development of RPE from the neuroectoderm of the posterior half of the optic vesicle, and of iridociliary epithelium from the anterior lip of the involuting optic cup seems to be a prerequisite for these differentiations to occur.

It is traditional to present specific ocular anomalies as they relate to structures of the adult eye, and thus as anomalies of cornea, iris, lens, retina, and so on. This approach correlates well with the clinical examination of the eye but provides no understanding of the fundamental pathogenesis of the anomaly. *Here we will organize these "later" anomalies (occurring after the stage of optic cup formation) on the basis of the presumed pathogenesis: defective migration, proliferation, or remodeling of ocular mesenchyme, defective maturation of neuroectoderm, and defective development of ectoderm.*

####  {#s0085}
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######  {#s0095}
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#### Anomalies of mesenchyme {#s0105}

*After formation of the optic cup and separation of the lens vesicle, the periocular mesenchyme undergoes a complex series of migrations, differentiations, and atrophies that determines the final structure of the vascular and fibrous tunics of the globe.* At the anterior edge of the optic cup, one or more waves of mesenchymal invasion form corneal endothelium, corneal stroma, and the anterior half of the transient perilenticular vascular network, including the pupillary membrane. The posterior half of this perilenticular vascular tunic is formed by invasion of mesodermal endothelial cell precursors and supporting perivascular mesenchyme through the optic fissure to form the extensive but transient *hyaloid artery system* (see [Fig. 5-2](#f0015){ref-type="fig"}). Another mesenchymal wave accompanies the ingrowth of the neuroectoderm at the anterior lip of the optic cup to form the iris stroma, although it is unclear which layer acts as the primary inducer. Its peripheral portion later atrophies to form the porous *filtration angle* of the anterior chamber, a process that may not be completed in carnivores until 6-8 weeks after birth. The choroid and sclera are induced by the developing RPE to form from the mesenchyme surrounding the caudal half of the optic cup.

Anomalies of mesenchyme may result from defective ingrowth or differentiation, as with choroidal and iris hypoplasia, incomplete atrophy of the tunica vasculosa lentis or hyaloid artery system, or incomplete remodeling of the filtration angle to cause primary glaucoma.

##### Choroidal hypoplasia. {#s0110}

*This is a relatively common lesion in the eye of dogs* by virtue of its prevalence in the Collie breed as the hallmark of Collie eye anomaly, and a very similar syndrome occurs in Border Collies and Shetland Sheepdogs. It is also seen in a variety of dog breeds in association with genes for color dilution (merle, dapple, and harlequin), especially Australian Shepherd dogs. *The hypoplasia is thought to result from induction failure by a defective RPE or by the more anterior neuroectoderm destined to form iridociliary epithelium.* The basic defect is not clearly established but may be related to defective pigmentation, a suggestion supported by the prevalence of iris and choroidal hypoplasia in white animals of all species, especially those with blue irises. Other anomalies linked to the choroidal hypoplasia/hypopigmentation include optic nerve coloboma; microphthalmos and, with the merle ocular dysgenesis, cataract and segmental iris hypoplasia. Some degree of retinal dysplasia is also common. At least in theory, all of these defects are predictable outcomes of improper mesenchymal induction by a defective, inadequately pigmented neuroectoderm lining the primitive optic cup. Even in otherwise normal (nonwhite) animals with a blue iris, there is usually hypoplasia of the tapetum and choroid (classified by ophthalmologists as a so-called "subalbinotic fundus").

##### Collie eye anomaly. {#s0115}

*Collie eye anomaly (CEA) is a common congenital inherited disease of smooth and rough Collies and in Collie-related breeds,* first reported in 1953 and at one time estimated to have affected 90% of North American Collies. During the period 1975-1979, CEA was still present in \>70% of 20,000 Collies examined in a voluntary screening program. Prevalence in Europe and the United Kingdom is lower (30-60%). *The basic defect, patchy to diffuse choroidal hypoplasia, is inherited as an autosomal recessive trait,* but the numerous associated defects are more unpredictable in their familial pattern. The CEA-associated genetic mutation is reported as an intronic 7.8-kb deletion in the canine *NHEJ1* gene that is detectable in homozygotes and heterozygotes by PCR testing.

*The ophthalmoscopic findings* include one or more of retinal vessel tortuosity, focal to diffuse choroidal and tapetal hypoplasia, optic nerve coloboma, and retinal separation with intraocular hemorrhage. Other observations that are occasionally made in eyes of affected dogs are enophthalmos, microphthalmos, and corneal stromal mineralization. The disease is always bilateral but not necessarily equal. Even the mild, visually insignificant lesion of focal choroidal hypoplasia is genetically significant.

Macroscopic examination of the bisected globe reveals abnormal pallor of the posterior segment of the globe. If the globe is transilluminated, the sclera and choroid are focally or diffusely more translucent than normal. The pallor and translucency imply choroidal hypoplasia. Within or adjacent to the optic disc, there may be a colobomatous pit of variable size, the lining of which is continuous with the retina. Accompanying the larger type of pit is a bulge in the overlying sclera, called **scleral ectasia** or **posterior staphyloma.** If there is retinal separation, it is usually complete, with the only sites of attachment being at the abnormal optic disc and at the ora ciliaris. In such cases, there may be extensive intravitreal hemorrhage and retinal tears. Almost all Collie eyes with retinal separation have large optic disc colobomas. Detachment from the ora ciliaris (so-called *retinal disinsertion*) may also occur, leaving the folded retina on the floor of the globe ([Fig. 5-9](#f0050){ref-type="fig"} ).Figure 5-9**Retinal separation from the ora ciliaris in Collie eye anomaly.** There is a coloboma at the optic disc. Choroid and sclera are so thin as to be transparent. The pigmented strand (arrow) extending from optic disc toward the lens is a remnant of hyaloid artery.

*The fundamental histologic lesion found in all affected eyes is choroidal hypoplasia* ([Fig. 5-10A, B](#f0055){ref-type="fig"} ). It is always diffuse, despite ophthalmoscopic observation of a lesion that may appear only to be focal within the dorsal temporal quadrant of the fundus. The choroid is thin and poorly pigmented, and the tapetum is thinner than normal or even absent. Retinal pigment epithelium is poorly pigmented, even in nontapetal fundus, and may be vacuolated. Because the choroid and tapetum in the normal dog do not reach adult thickness until \~4 months postpartum, age-matched control eyes are essential if over-interpretation of normal choroidal immaturity is to be avoided.Figure 5-10**A. Normal canine choroid and sclera** 1 mm dorsal to the optic disc. **B. Choroidal hypoplasia** in Collie eye anomaly at the same location and magnification as **A.**

*Histologic examination of eyes with optic disc colobomas reveals the bulging of dysplastic neuroectoderm, continuous with retina, into the pit in the nerve head.* The neuroectoderm may show jumbled differentiation into ganglion cells, photoreceptor rosettes, glial cells, or pigment epithelium. Rosettes are common in the neurosensory retina adjacent to affected discs or embedded in the optic disc itself. In some specimens, there are degenerative retinal lesions overlying severely hypoplastic choroid. Edematous clefts are seen in the nerve fiber layer, and ganglion cells may be severely vacuolated.

*Other retinal lesions include retinal folds and detachment*. The folds are seen on histologic section as tubes of fully differentiated retina cut in cross-section or tangentially, and are thought to represent folds in a neurosensory retina that at least temporarily has grown in excess of the space available for it within the optic cup. These folds correspond to the clinically detectable vermiform streaks in the fundus, and gradually disappear as the dog (and eye) matures, allowing the growth of scleral shell to catch up with that of retina. Presumably, it is a similar growth imbalance, but in the opposite direction, that causes retinal separation in \~10% of eyes with this syndrome. In this situation, a retina that is too small attempts to stretch from optic disc to ora ciliaris by the shortest route, rather than following the curvature of the scleral shell.

Focal fibroblastic metaplasia and mineralization are occasionally seen in the subepithelial corneal stroma of dogs with Collie eye anomaly, but a similar defect is seen in anomalous eyes of other breeds; a genetic link to the Collie eye defect is not established. Tortuosity of retinal veins, a controversial clinical lesion sometimes considered part of Collie eye anomaly, has no described histologic counterpart.

*The earliest lesion of this anomaly is defective differentiation of primitive RPE to form rosette-like structures near the optic disc.* Proper differentiation of both pigment epithelium and neurosensory retina requires obliteration of the lumen of the primary optic vesicle, which allows the 2 neuroectodermal layers to come into apposition. Whether the earliest lesion of Collie eye anomaly results from inherently defective differentiation of pigment epithelium or from imperfect apposition of the 2 neuroectodermal layers has not been resolved, but the central role of the pigment epithelium in determining ocular morphology suggests that the primary defect is in maturation of the presumptive RPE. Anomalous development of choroid and sclera, including coloboma, is not seen in fetuses up to 45 gestational days, but is seen in neonates. This suggests that the defect is in choroidal maturation rather than in initial induction.

Another manifestation of mesenchymal maldevelopment in Collie eye anomaly, rarely noted clinically, is delayed atrophy and remodeling in the anterior chamber. The filtration angle may be closed, iris stroma may be attached to the corneal endothelium by a mesenchymal bridge, and remnants of anterior perilenticular mesenchyme are unusually prominent. Pigmentation of iridal neuroectoderm is sparse. As these neonatal anterior segment lesions are not seen later in life (8-20 weeks) when puppies are examined ophthalmoscopically, it is presumed that they reflect only a minor delay in mesenchymal remodeling.

#### Defects primarily in anterior chamber mesenchyme {#s0120}

**Hypoplasia of the iris** *is a rare defect that may occur alone or in conjunction with multiple ocular defects.* It is relatively most frequent in horses, where it may be inherited and associated with cataract and conjunctival dermoids. The defect presumably results from incomplete inward migration of the anterior lip of the optic cup, with resultant lack of a neuroectodermal scaffold to guide the subsequent migration of mesenchyme destined to form the iris stroma. The hypoplasia is usually severe and most cases are clinically described as *aniridia.* Histologic examination of such eyes usually reveals the vestigial iris as a triangular mesenchymal stump covered posteriorly by normal-appearing pigmented epithelium ([Fig. 5-11A](#f0060){ref-type="fig"} ). The trabecular meshwork within the filtration angles may be malformed, but the ciliary apparatus is usually normal. The lens often is cataractous ([Fig. 5-11B](#f0060){ref-type="fig"}) and sometimes ectopic or hypoplastic. Glaucoma has been described as a sequel in horses (but not in other species), but it should be an expected sequel in severely affected eyes in any species because of the inevitable concurrent trabecular hypoplasia.Figure 5-11**A. Iris hypoplasia** with hypoplasia of the trabecular meshwork in a dog. The ciliary processes have developed normally. **B. Iris hypoplasia,** congenital cataract, and dysplasia of ciliary processes in a piglet. The adherence of ciliary processes to the lens represents an arrest in remodeling rather than improper development.

**Hypopigmentation of the iris** may be unilateral or bilateral. When the loss of pigment is patchy in one or both irises, it is known as *heterochromia iridis.* The pigmentation may be diffusely absent in the iris stroma but present in the posterior iris epithelium *(subalbinotic),* or absent in both stroma and epithelium *(true albinism).* The iris is normal except for absence of visible pigment granules in the cytoplasm of otherwise normal stromal melanocytes and epithelial cells. Tapetum and, less reliably, choroid of affected eyes usually are hypoplastic as well as poorly pigmented.

**Incomplete atrophy of the anterior chamber mesenchyme** is relatively common in dogs and occurs occasionally in other domestic species. During organogenesis, waves of mesenchyme migrate between the surface ectoderm and the anterior rim of the optic cup. Some of the ingrowing mesenchyme forms corneal endothelium and stroma, whereas other portions of mesenchyme form the iris stroma and trabecular meshwork ([Fig. 5-12A](#f0065){ref-type="fig"} ). Some of that mesenchyme occupies the anterior chamber and, as it matures, it forms a fibrovascular sheet stretching across the face of the lens and developing iris, known as the *pupillary membrane.* Its vascular component creates the anterior portion of an embryonic perilenticular vascular plexus, known as the *tunica vasculosa lentis* ([Fig. 5-12B](#f0065){ref-type="fig"}). Both the pupillary membrane and the tunica vasculosa lentis normally disappear late in gestation or in the early postnatal period. Failure of this anterior chamber fibrovascular mesenchyme to atrophy results in the very common anomaly of **persistent pupillary membrane** (persistence of the tunica vasculosa lentis alone is discussed later).Figure 5-12**Normal development of the canine anterior segment**. **A.** Normal 34-day canine embryo. The bilayered neuroectoderm at the anterior lip of the optic cup (thick arrow) will soon migrate inwardly to induce the formation of iris. Blood vessels at that lip (thin arrow) are growing inwardly to form the anterior half of the tunica vasculosa lentis. **B.** Normal anterior vasculosa lentis (pupillary membrane) in a neonatal dog.

*Atrophy of the pupillary membrane is frequently incomplete at birth, and, in dogs, persistent remnants are common up to \~6 months of age.* These insignificant and usually bloodless strands are seen as short, thread-like protrusions from the area of the minor arterial circle (iris collarette), and they may insert elsewhere on the iris, cross the pupil, or extend blindly into the anterior chamber. Persistent pupillary membranes achieve clinical significance in 2 ways. First, the size and number of strands crossing the pupil may be such that vision is obstructed. Second, strands that contact lens or cornea are associated with focal dysplasia of lens or corneal endothelium, clinically seen as opacity ([Fig. 5-13A, B](#f0070){ref-type="fig"} ). Because the normal pupillary membrane never contacts the cornea, strands of pupillary membrane that extend from iris to cornea are considered to be minor versions of anterior segment dysgenesis (see later).Figure 5-13**Persistent pupillary membrane. A.** Central crescentic insertion of the persistent pupillary membrane in a dog is on the anterior pole of the lens, where it has induced a focal cataract. **B. Dysplastic development** of the anterior lens capsule as a consequence of adherence of persistent pupillary membrane.

Histologic descriptions are mainly from studies in *Basenji dogs*, in which persistent pupillary membrane occurs as an autosomal recessive trait of variable penetrance. In this breed, atrophy of the pupillary membrane is abnormally slow even in dogs free of the defect in adult life, and remnants in puppies up to 8 months of age are common. The membranes are seen as thin endothelial tubes, invested with a thin adventitial stroma, extending from vessels in the iris stroma near the collarette ([Fig. 5-14](#f0075){ref-type="fig"} ). The tubes are usually empty, but in severely affected eyes may contain erythrocytes, and the adventitia may contain melanin. The tubes weave in and out of the plane of section en route to corneal, iridic, or lenticular insertions. At sites of corneal insertion, corneal endothelium is either absent or dysplastic, with the latter manifested as fibrous metaplasia. Descemet\'s membrane is malformed or absent in the areas of attachment, and there is associated deep stromal corneal edema to account for the clinically observed, minute gray stromal opacities. *Contact with the lens is accompanied by similar epithelial and basement membrane dysplasia, resulting in one or more epithelial, subcapsular, or polar cortical cataracts*.Figure 5-14**Anterior segment dysgenesis. A.** Improper development of the tunica vasculosa lentis creates slender adhesions between the iris and the corneal endothelium. **B.** Persistent pupillary membranes extending from the iris to insert into the cornea. **C.** This (apparent) developmental anterior segment dysgenesis is actually a sequel to neonatal perforating ulcer with iris prolapse. The iris is fused to the cornea by a mature fibrous bridge. The presence of a coiled Descemet\'s membrane indicates previous corneal perforation.

Much less common than persistent pupillary membrane are those defects grouped under the general category of **anterior segment dysgenesis** (or **anterior segment cleavage syndrome**). This group includes multiple anomalies of cornea, lens, and anterior uvea that stem from disordered development of anterior segment mesenchyme and/or improper separation of the developing lens from the overlying cornea. Such eyes are commonly microphthalmic and usually have microphakia, cataract, and congenital corneal opacities at sites of congenital anterior synechiae. The most severe cases have fusion of iris with corneal stroma without observed corneal endothelium or Descemet\'s membrane, and thus have no detectable anterior chamber (see [Fig. 5-14](#f0075){ref-type="fig"}). *Most examples of this severe form in dogs and cats probably result from perinatal corneal perforation from trauma or from progression of suppurative bacterial keratoconjunctivitis (ophthalmia neonatorum) rather than from in utero maldevelopment.* The result is iris prolapse and incorporation of the iris into the developing cornea, which in turn results in obliteration of the anterior chamber. Because the globe of dogs and cats continues to develop for many weeks after birth, this is yet another example of how difficult it can be to precisely distinguish primary developmental disorders from those resulting from postnatal trauma or inflammation.

**Maldevelopment of the filtration angle (goniodysgenesis)** occurs as a solitary, prevalent, inherited anomaly in dogs, and in severely anomalous eyes of animals of any species. The defect results from incomplete atrophy of mesenchyme that normally fills the fetal iridocorneal angle. The defect is much more common in dogs than any other species. In the most severe cases, the trabecular meshwork may appear as a solid mesenchymal mass indistinguishable from the adjacent iris stroma. This rare lesion, known as *trabecular hypoplasia,* is a cause for truly congenital glaucoma ([Fig. 5-15A, B](#f0080){ref-type="fig"} ). It is often accompanied by iris hypoplasia and other anomalies involving anterior chamber maturation. Much more commonly, the error in remodeling is less profound, and the lesion is seen as a continuous sheet of iris stroma (therefore resembling an abnormally solid pectinate ligament) that separates the anterior chamber from a relatively normal trabecular meshwork. This more common lesion is usually referred to as *pectinate dysplasia* ([Fig. 5-15C](#f0080){ref-type="fig"}). For a more complete discussion, see [Glaucoma](#s0580){ref-type="sec"}.Figure 5-15**Goniodysgenesis. A.** Normal feline filtration angle. *CC,* ciliary cleft; *CSM,* corneoscleral trabecular meshwork; *P,* pectinate ligament.. **B. Trabecular hypoplasia,** with little maturation of the embryonic mesenchyme destined to form pectinate ligament and trabecular meshwork. **C.** More common **pectinate dysplasia,** in which a solid sheet of iris-like mesenchyme extends from the termination of Descemet\'s membrane into the iris stroma, with no obvious pectinate ligament. Other portions of the trabecular meshwork are relatively normal.

#### Incomplete atrophy of posterior segment mesenchyme {#s0125}

Incomplete atrophy of posterior segment mesenchyme may result in the mild and common lesion of **persistent hyaloid artery,** or in the much rarer but clinically more significant lesions of **persistent posterior perilenticular vascular tunic** with or without concurrent persistence of the primary vitreous. There is a tendency in clinical literature to group all of these defects under the umbrella of **persistent hyperplastic primary vitreous,** but histologically, there is quite a wide range in the nature of the defect. Only the most severe qualify as true persistent hyperplastic primary vitreous.

The hyaloid artery and its branches are formed from mesenchyme and pre-endothelial mesoderm that enter the optic cup through the optic fissure prior to its closure. The vessel traverses the optic cup from optic disc to lens, where it ramifies over the posterior lens surface (posterior tunica vasculosa lentis). It joins with the vascular portion of the pupillary membrane (anterior tunica vasculosa lentis) to form a complete perilenticular vascular tunic. *As with its anterior chamber counterpart, the hyaloid system undergoes almost complete atrophy before birth.* Persistence of some vestige into adult life is common and clinically insignificant. In ruminants, the most common remnant is *Bergmeister\'s papilla,* a cone of glial tissue with a vascular core that extends from optic disc for a few millimeters into the vitreous ([Fig. 5-16](#f0085){ref-type="fig"} ). In calves up to \~2 months of age, the vestigial hyaloid system may still contain blood. In carnivores, it is the pupillary membrane that normally persists for several weeks postnatally. Bloodless remnants of the anterior termination of the hyaloid artery on the posterior lens capsule are known as *Mittendorf\'s dot;* it is a harmless anomaly, common in dogs and ruminants up to several years of age.Figure 5-16**Bergmeister\'s papilla,** the minimal histologic presentation of persistent hyaloid artery.

Much less common is undue persistence and even hyperplasia of the anterior end of the hyaloid system **(posterior tunica vasculosa lentis).** The normal tissue is a combination of blood vessels and perivascular mesenchyme. Surrounding the hyaloid system is some primitive collagen, poorly characterized extracellular matrix, and a few macrophages. The combination of blood vessels and surrounding stroma is known as the *primary vitreous.* At least theoretically, *anomalous retention of the hyaloid artery and/or primary vitreous could therefore be separated into distinct entities of persistent hyaloid, persistent posterior tunica vasculosa lentis, persistent primary vitreous, and persistent hyperplastic primary vitreous.* Of these, the one most frequently reported (perhaps just because it is the most spectacular and significant) is **persistent hyperplastic primary vitreous.** In people, this rare anomaly is typically unilateral and is accompanied by microphthalmos, microphakia, retinal detachment, shallow anterior chamber, and embryonic filtration angles. The many reports of this anomaly in dogs have described a unilateral or bilateral retrolental vascular or fibrovascular network, usually without any other reported anomalies other than the expected posterior polar cataract. Such lesions are better described as *persistent posterior tunica vasculosa lentis.* In Doberman Pinschers, Bouviers, and Staffordshire Bull Terriers, the classification as hyperplastic primary vitreous is more credible. In these breeds, the defect is inherited and forms a spectrum that includes persistent pupillary membrane, cataract, lenticonus, and microphthalmos as well as persistence of variable amounts of primary vitreous and posterior tunica vasculosa lentis ([Fig. 5-17A-C](#f0090){ref-type="fig"} ). The defects are detected as early as gestational day 30, at which time hyperplasia of posterior tunica vasculosa lentis is already obvious. Posterior polar cataracts and preretinal membranes are observed by day 37. The one report of 2 cases in cats was not supported by histopathology, and its correct classification remains unknown.Figure 5-17**Persistent primary vitreous syndrome. A.** Clinical photograph of persistent hyaloid artery and posterior tunica vasculosa lentis. **B.** The same globe with the persistent hyaloid artery ramifying over the posterior lens capsule. The lens is misshapen (posterior lentiglobus) and has anterior subluxation. **C.** Histologic section of the same globe. Note the retinal folding, cartilaginous metaplasia, and the posterior lenticonus that allow this to be classified as persistent hyperplastic primary vitreous.
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#### Anomalies of neuroectoderm {#s0145}

Included under this heading are anomalies of retina, optic nerve, and of neuroepithelium of iris and ciliary body. Of these, *retinal anomalies are by far the most frequent and most significant.*

##### Retinal dysplasia. {#s0150}

**Retinal dysplasia** *is a general term denoting abnormal retinal differentiation characterized by jumbling of retinal layers and by glial proliferation.* In clinical practice, the term has been used incautiously to include genuine retinal dysplasia, postnecrotic retinal scarring of the developing retina, and retinal folding. Genuine retinal dysplasia results from failure of proper apposition of the 2 layers of the optic cup or from failure of proper induction of retinal maturation by an inherently defective RPE. Those examples clinically classified as retinal dysplasia that reflect disordered wound healing of developing retina, or just folding of retina with no jumbling, should not be considered examples of true retinal dysplasia. *True retinal dysplasia is thus very rare.*

Those examples of retinal dysplasia in which the only abnormality is **retinal folding** are by far the most common, and are seen primarily in dogs. The anatomic location, ophthalmoscopic appearance, and effect on vision vary from breed to breed but tend to be uniform within each breed, a fact used by clinical ophthalmologists when attempting to distinguish inherited dysplasias from those occurring as isolated anomalies or as sequelae to in utero infections. Most examples probably reflect inequity in growth rate between the retina and the outer layer of the optic cup (choroid and sclera). In such cases, the folds may be transient and disappear as continued choroidal and scleral growth eventually create a globe large enough to accommodate the retina. At least in Collies (and other related breeds with syndromes similar to Collie eye anomaly), *the retinal lesion is probably secondary to defective signaling from the RPE,* as are most of the other defects that make up Collie eye anomaly ([Fig. 5-18](#f0095){ref-type="fig"} ).Figure 5-18**Retinal folding,** presumably as a result of retinal redundancy that may eventually self-correct as the scleral shell grows to accommodate the retina. Retinal histologic organization is normal, distinguishing this from true retinal dysplasia.

Retinal folding that may not depend on retinal:scleral growth imbalance is seen in English Springer Spaniels. Changes are seen as early as gestational day 45 and always by day 55. Focal infolding of the neuroblastic layer away from the RPE and focal loss of the junctions between the neuroblasts (the outer limiting membrane) are the early changes, followed by overt focal retinal separation and extensive retinal folding. In all breeds in which this type of dysplasia has been adequately studied, it is inherited as a simple autosomal trait.

Retinal dysplasia as a sequel to **retinal necrosis** can occur as a sequel to a wide variety of viral and physical-chemical insults to the embryonic eye; naturally occurring examples are almost exclusively viral. Because the carnivore retina continues to develop for \~6 weeks after birth, the opportunity is great for postnatal injury in puppies and kittens to produce retinal maldevelopment. Retinal maturation is most rapid in central (peripapillary) retina and progressively less toward the periphery, so that occasionally dysplastic lesions may be encountered only in peripheral retina, suggesting a viral (or other) injury quite close to the 6-week-old limit for dysplasia of this pathogenesis. Mature retina will scar but will not develop lesions of dysplasia because it lacks neuronal proliferative capacity.

The specific viruses implicated in domestic animals are bovine viral diarrhea virus in cattle, bluetongue virus in sheep, herpesvirus in dogs, and both parvovirus and leukemia virus in cats. The histologic lesion is similar for all diseases, with variation in lesions caused by the same virus in one species as great as the variation caused by different viruses in different species. *The most significant clue suggesting viral rather than genetic cause is the presence of residual inflammation and postnecrotic scarring in retina, optic nerve, and, perhaps subtly, in choroid.* Injured RPE undergoes one or more of reactive hyperplasia, migration into injured retina as discrete pigmented cells in areas of scarred retina, or metaplastic formation of multilayered fibroglial plaques in place of normal simple cuboidal epithelium ([Fig. 5-19A-C](#f0100){ref-type="fig"} ). Disorganization of nuclear layers and rosette formation are seen as in other types of dysplasia.Figure 5-19**Retinal dysplasia. A.** Postnecrotic retinal "dysplasia" caused by bovine viral diarrhea virus (BVDV) infection of a calf. Multifocal loss of outer nuclear layer and photoreceptors and the paucity of ganglion cells result from in utero viral infection. Blending of inner and outer nuclear layers reflects loss of neurons from both the inner and outer nuclear layers. **B.** Pigment-laden cells from retinal pigment epithelium (RPE) have migrated into the disorganized retina in a puppy surviving canine distemper. **C.** Focal chorioretinal scar with loss of outer nuclear layer and fibrous metaplasia of adjacent RPE in a calf with prenatal BVDV infection.

Infection of calves with bovine viral diarrhea virus between 79 and 150 days of gestation is the most frequently encountered and thoroughly studied retinal dysplasia of known viral etiology. Work with other viruses has been too limited to allow definition of the susceptible period in fetal development or of the full range of resultant lesions. The limited descriptions of the other viral-induced retinal lesions suggest that the sequence of events is probably quite similar for all such agents.

*The initial ocular lesion is nonsuppurative panuveitis and retinitis with multifocal retinal and choroidal necrosis.* The acute inflammatory disease gradually subsides over several weeks, and most cases of spontaneous abortion or neonatal death retain scant vestige of previous inflammation. Those ocular structures already well differentiated at the time of the endophthalmitis (cornea, uvea, optic nerve) may undergo atrophy and scarring or be left virtually untouched. Other tissues, such as retina, are actively differentiating and exhibit a combination of the above atrophy and scarring as well as abortive regeneration and arrested differentiation. RPE in most examples (bluetongue virus being an apparent exception) is infected and subsequently injured. *The result is a patchy alternation of abortive retinal regeneration, hyperplastic pigment epithelium, and postnecrotic glial scarring* ([Fig. 5-19C](#f0100){ref-type="fig"}). The lesions are usually more severe in nontapetal retina and are bilateral but not necessarily symmetrical. It seems reasonable to speculate that those naturally occurring cases in which the dysplasia is confined to peripheral retina represent late viral infection when only peripheral retina is still differentiating.

Because the virus has affinity for other neural tissues, *all calves with retinal dysplasia induced by bovine viral diarrhea virus also have cerebellar atrophy, and some have hydrocephalus or hydranencephaly.* A similar association with hydrocephalus and other brain anomalies has been described for feline panleukopenia virus infection in cats, bluetongue virus infection in sheep, and in a possibly hereditary syndrome in white Shorthorn and Hereford cattle. In the latter 2 instances, the involvement of virus could not be excluded based upon published information.

*Experimental irradiation* of neonatal puppies (and, presumably, kittens) results in retinal necrosis and scarring virtually indistinguishable from postviral retinal dysplasia.

**True retinal dysplasia,** not associated with exogenous infection or teratogen, is rare. *It is characterized by retinal folds, retinal rosettes, patchy to diffuse blending of nuclear layers, loss of retinal cells, and glial scars.* The folds and rosettes are the histologic counterparts of the vermiform streaks seen on the fundus with the ophthalmoscope. The hallmark of retinal dysplasia is the rosette, composed of a central lumen surrounded by 1-3 layers of neuroblasts. The 3-layered rosette is the most common in naturally occurring cases in animals, and shows more or less complete retinal differentiation. Most such rosettes are probably retinal folds cut transversely and, as mentioned previously, should not be considered true dysplasia if no additional lesions are present. The lumen contains pink fibrils resembling photoreceptors and is bounded by a thin membrane resembling the normal outer limiting membrane. One- and 2-layered rosettes are encountered infrequently and consist of a lumen surrounded by undifferentiated neuroblasts.

True retinal dysplasia occurs in combination with chondrodysplasia in several dog breeds, but particularly in Labrador Retrievers and Samoyeds. Cataract and persistent hyaloid remnants may accompany the retinal lesion. In Labradors, all the defects are the result of a single gene, with recessive effects on the skeleton and incompletely dominant effects on the eye.

##### Optic nerve hypoplasia. {#s0155}

*Hypoplasia is the most common anomaly of the optic nerve.* The defect may be unilateral or bilateral, and usually occurs in eyes with other anomalies and particularly in eyes with retinal dysplasia. *In most instances, the so-called "hypoplasia" is more likely to be atrophy* as the inevitable result of the destruction of ganglion cells in glaucomatous, viral, toxic, genetic, or idiopathic retinal disease ([Fig. 5-20](#f0105){ref-type="fig"} ). The only clear example of an alternative pathogenesis is that associated with *maternal deficiency of vitamin A in cattle,* in which atrophy of the developing optic nerve results from failure of remodeling of the optic nerve foramen and subsequent stenosis. A similar lesion occurs in *pigs,* but in that species, hypovitaminosis A seems more indiscriminately teratogenic, and optic nerve hypoplasia is accompanied by diffuse ocular dysplasia and multiple systemic anomalies. Hypoplasia is a relatively frequent clinical diagnosis in *toy breeds of dogs,* without apparent visual defects (and thus rarely receives histologic examination). Most examples are probably hypomyelination of the optic disc, which results from premature halt of myelinated nerve fibers at, or posterior to, the lamina cribrosa. The opposite, with myelin extending too far into the nerve fiber layer of the peripapillary retina, is also seen in dogs and is a frequent but insignificant occurrence in horses.Figure 5-20**Optic chiasm** in a foal with unilateral secondary (degenerative) microphthalmos. Small left optic nerve caused by prenatal atrophy following ganglion cell destruction.

Inherited optic nerve hypoplasia is documented in one strain of laboratory mice, although it may accompany inherited retinal dysplasia or multiple inherited anomalies in any species. Histologic examination of affected eyes reveals few, if any, ganglion cells and a thin and moth-eaten nerve fiber layer.
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#### Anomalies of surface ectoderm {#s0170}

*From fetal surface ectoderm are derived corneal epithelium, lens, lacrimal apparatus, and the epithelial portions of the eyelids and associated adnexa.* Seldom are anomalies of the extraocular structures the subject of histopathologic study inasmuch as they are clinically obvious and of significance only if they result in corneal irritation, impaired vision, or unacceptable appearance.

Excessively large or small palpebral fissures are part of current fashion in some dog breeds. *Micropalpebral fissure frequently leads to entropion* as the lid margin curls inward, and resultant corneal abrasion necessitates surgical correction. Congenital entropion also occurs as sporadic flock epizootics in lambs, but whether this is a structural deformity or the result of eyelid spasm is unclear. Entropion associated with microphthalmos occurs in all species. Other eyelid defects include colobomas, which are focal to diffuse examples of eyelid agenesis, and delayed separation of the eyelid fusion, which is the normal state during organogenesis.

*Disorders of cilia are very common in dogs,* but uncommon in other species. Congenital defects include one or more of ectopic cilia, misdirected but otherwise normal cilia **(trichiasis),** the occurrence of a second row of cilia from the orifice of normal or atrophic Meibomian glands **(distichiasis),** and excessively large cilia **(trichomegaly).** In each instance, the significance of the anomaly depends on the presence or absence of corneal irritation.

The lacrimal gland and its ducts develop from an isolated bud of surface ectoderm and, although anomalies must surely exist, they have not been investigated. *Failure of patency of the lacrimal puncta* occurs in dogs and horses and manifests as excessive tearing. Ectopic or supernumerary openings have been reported in dogs and in cattle.

##### Corneal anomalies. {#s0175}

Primary corneal maldevelopment is rare in all species. The category may be expanded to include *corneal dystrophies,* defined as bilateral, inherited, and usually central corneal opacities that, despite their typically adult onset, presumably have a congenital basis. These rare lesions will be discussed with degenerative diseases of the adult cornea.

Corneal anomalies may be ectodermal or mesenchymal, and may affect one or more of corneal size, shape, or transparency. **Microcornea** refers to a small but histologically normal cornea in an otherwise normal globe. A small cornea occurring in a microphthalmic globe is expected and does not merit a separate description. Mild microcornea of no clinical significance is reportedly common in certain dog breeds. **Megalocornea** has not been reported in domestic animals, except in predictable association with congenital buphthalmos.

**Dermoid** is a congenital lesion of cornea or conjunctiva characterized by *focal skin--like differentiation,* and as such is properly termed a **choristoma.** They occur in all species. There is one report of a geographically high prevalence of multiple, and sometimes bilateral, dermoids as an inherited phenomenon in Polled Hereford cattle in the American Midwest, but ordinarily they seem to occur as single, random anomalies of unknown pathogenesis. Defective induction (skin instead of corneal epithelium) by the invading corneal stromal mesenchyme is the most popular speculation.

The *degree of differentiation varies,* but most consist of stratified squamous keratinized and variably pigmented epithelium overlying an irregular dermis containing hair, sweat glands, and sebaceous glands. Very rarely, cartilage or bone is seen. The degree of adnexal differentiation varies widely but may approach that of normal skin ([Fig. 5-21](#f0110){ref-type="fig"} ). At the edge of the dermoid, the dermal collagen reorients to blend with the regular stroma of cornea, and the epidermis transforms itself to corneal epithelium. Surgical removal may be for cosmetic reasons, or may be required if dermoid hairs irritate cornea, or if the position of the dermoid interferes with vision. In most instances of corneal dermoid, the choristoma is attached to the surface of a corneal stroma of normal thickness, so excision of the dermoid should not risk perforation of the globe.Figure 5-21**Corneal dermoid in a calf.** Notch-like defect in lower lid is a coloboma.

**Congenital corneal opacities** *are usually caused by anomalous formation of the anterior chamber, particularly anterior segment dysgenesis and persistent pupillary membranes.* Adherence of anterior chamber structures to the corneal endothelium results in focal absence of the corneal endothelium and disorganization of adjacent corneal stroma. Grossly, the affected cornea has deep stromal opacity caused by stromal edema or fibrosis in the area of the defective endothelium. Pigment, originating from adherent uveal strands, may be found in the corneal stroma. The opacity may be diffuse or focal, depending on the extent of uveal-corneal adhesion. Many examples probably reflect sequels to early neonatal corneal perforation that resulted in iris prolapse and subsequent anterior synechiae rather than true developmental disorders, but that distinction can be very difficult to make when looking at globes enucleated many weeks or months after the original event.

Diffuse, congenital corneal opacity occurs in Holstein-Friesian cattle in England and Germany. The histologic lesion is diffuse corneal edema, but its pathogenesis is unknown. The cornea remains permanently opaque.

*Corneal opacity caused by noncellular depositions* occurs in dogs and is usually of adult onset despite an apparently genetic basis. The exception is multifocal, subepithelial deposition of basophilic, PAS-positive material in the corneas of puppies with Collie eye anomaly or other mesodermal dysgeneses. The material is of unknown origin and may be the histologic counterpart of the transient, multifocal, subepithelial opacities seen quite commonly in 2-3 week-old puppies whose eyes are otherwise normal and thus unavailable for histologic examination.

##### Anomalies of lens. {#s0180}

The lens may be abnormally small, abnormally shaped, ectopic, or cataractous. Of these, *only ectopia and cataract are common.*

**Aphakia** *is the congenital absence of the lens, and it may be primary or secondary.* It is claimed that primary aphakia is possible only in a rudimentary globe because of the central role of lens in the induction of invagination of the primary optic vesicle. Any globe with the structure of optic cup, regardless of how dysplastic, must have had a lens early in organogenesis, and its absence later must be the result of degeneration. This assumption is an extrapolation from work done many years ago in chicken embryos; although no work has been published to refute this contention, there is no work in mammals to confirm it. In the one report of aphakia in modern literature that includes histologic examination, several other puppies had small lenses, and all had invaginated optic cups with iris and retina. There was no conclusion about the nature of the injury to the developing eyes or the timing of such injury.

**Microphakia,** *or congenitally small lens,* is reported in dogs, calves, and cats, but is nonetheless rare. Because the development of the lens is so intrinsic to proper ocular development, almost all reports describe the defect in association with ectopia lentis, microphthalmos, and anterior chamber mesenchymal anomalies. Such lenses are spherical and almost always are cataractous.

**Lenticonus** and **lentiglobus** *are rare defects of lens shape* characterized by an abrupt change in capsular configuration so that the lens acquires a conical or globular protrusion. The defect is usually polar and, in animals, usually posterior. From scattered and very old descriptions, it is difficult to define the "typical" histology of such lesions or their pathogenesis. The defect usually appears as a focal overgrowth of cortical lens fibers covered by thin posterior lens capsule and retained posterior epithelium. Of 4 relatively recent descriptions, all of canine eyes, all had congenital cataract, but only in one did the cataract involve the protruding lens fibers themselves. Other ocular lesions reported include hyperplasia of tunica vasculosa lentis, rupture of the lens protrusion, and dysplasia of ciliary epithelium. At least in Doberman Pinscher dogs, the posterior lentiglobus or lenticonus accompanying hyperplastic tunica vasculosa lentis appears to be an acquired defect caused by the abnormal fibrovascular elements adherent to the lens.

**Congenitally ectopic lenses** occur in all species, but are relatively common only in dogs and horses. *Much more common than congenital luxations are spontaneous luxations in adult dogs,* which may be associated with acquired lesions of the zonule. The reason for the particular susceptibility of small terriers is related to the widespread prevalence of a mutation within the *ADAMST17* gene that is involved in the remodeling of structural proteins in many different tissues, including the lens zonules (see further under [Ectopia lentis](#s0360){ref-type="sec"}).

**Congenital cataract** occurs in most severely anomalous eyes, but may occur as an isolated ocular lesion. When cataract is present in eyes with multiple anomalies, it usually results from persistence of some part of perilenticular vasoformative mesoderm, but may also result from intraocular inflammation or toxic degeneration. Persistence of pupillary membrane or hyaloid system frequently results in multiple epithelial defects and subcapsular opacities at the sites of mesodermal contact with the lens.

In dogs, congenital primary cataracts are frequently hereditary but, as with corneal and retinal diseases, most hereditary cataracts are not detectable until later in life. Subtle, nonprogressive nuclear or cortical opacities are common but clinically insignificant in dogs and are of unknown pathogenesis. Primary, and usually diffuse, cataract is the most common ocular anomaly of horses. The pathogenesis is unknown, but there is usually no other ocular lesion. Congenital cataract is rare in cattle, swine, sheep, and goats. In cattle, hereditary congenital cataract occurs in Holstein-Friesians and in Jerseys and is thought to be an autosomal recessive trait. It is also seen as an infrequent result of fetal infection with bovine viral diarrhea virus.

There is a single report of bilateral, complete cataracts in a litter of Persian kittens, but there are no examples in swine or small ruminants except in association with multiple ocular defects.

*The pathology of congenital cataract is the same as acquired cataract,* and is discussed later. It may be nuclear, cortical or capsular, focal or diffuse, stationary or progressive, depending upon the timing and pathogenesis of the original injury.
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### Ocular adnexa {#s0195}

*The adnexa include eyelids, nictitating membrane, and lacrimal and accessory lacrimal glands.* Developmental, degenerative, inflammatory, and neoplastic diseases of these structures are commonly encountered in clinical practice, but only the neoplasms and proliferative inflammatory lesions are regularly submitted for histologic examination.

#### Eyelids {#s0200}

Developmental anomalies and acquired diseases of the eyelid are very common in clinical practice, but almost none of these are submitted for histologic assessment. The exceptions are eyelid neoplasms and proliferative nodules that have not responded to routine medical therapy, and those are the examples emphasized here.

**Blepharitis** is inflammation of the haired skin of the eyelid. In most cases, the blepharitis is only part of a more generalized skin disease, such as atopy, demodicosis, or pemphigus, and such examples will not be considered here. Inflammatory lesions more or less unique to the eyelid include hordeolum, chalazion, and idiopathic granulomatous marginal blepharitis.

**External hordeolum** or **stye** is *suppurative adenitis of the adnexal glands of Zeis or Moll.* **Internal hordeolum** is *suppurative inflammation of the Meibomian gland.* They are mentioned here only because they are part of traditional eyelid pathology and will be mentioned in clinical texts, but receiving histology samples from such lesions is extremely infrequent.

**Chalazion** is *sterile granulomatous inflammation in response to the leakage of Meibomian secretion into the surrounding* dermis. Although it can theoretically occur in response to any type of injury to the Meibomian gland, almost all cases are found adjacent to Meibomian adenomas. The histologic lesion is distinctive, consisting of an accumulation of lakes of free lipid and numerous large foamy macrophages and multinucleated cells around the abnormal Meibomian gland. The macrophages contain distinctive refractile intracellular slender elongated slit-like unstained spaces that we assume represent secretory material unique to Meibomian glands. Similar lipid-rich granulomatous inflammation is seen in response to the leakage of secretion from sebaceous adenomas elsewhere in skin, but these slit-like clear spaces are not seen in anything other than Meibomian adenomas ([Fig. 5-22A, B](#f0115){ref-type="fig"} ). In cats, those examples with particularly prominent free lipid accumulation were originally described as idiopathic lipogranulomatous conjunctivitis (see later), but current opinion is that it is just a feline version of chalazion.Figure 5-22**Chalazion. A.** Leaking Meibomian adenoma surrounded by foamy macrophages. **B.** The macrophages contain characteristic unstained slit-like inclusions of unknown chemical composition, unique to chalazion.

**Idiopathic granulomatous marginal blepharitis** is a uniquely canine lesion. The macroscopic lesion varies from a single nodule to a series of coalescing nodules that create virtually diffuse thickening of one or both eyelid margins. *The histologic lesion is a coalescence of suppurating granulomas in the subconjunctival tissue of the eyelid margin, without any proven association with adnexal structures and without any identifiable etiologic agent.* The granulomas often form around a clear central lipid vacuole, with or without neutrophils at the interface between the vacuole and the surrounding macrophages. The lesion bears considerable similarity to cutaneous sterile pyogranuloma syndrome and other idiopathic granulomatous panniculitis syndromes, all of which are equally mysterious in terms of pathogenesis. *The lesions differ from those of chalazion in that the latter does not form discrete granulomas, does not involve neutrophils, and is always found adjacent to Meibomian glands.*

#### Lacrimal system {#s0205}

Acquired disease of the lacrimal system is probably quite common in dogs if one includes keratoconjunctivitis sicca (see [Keratitis](#s0305){ref-type="sec"}) and eversion of the gland of the third eyelid.

**Dacryoadenitis** *is inflammation of the lacrimal gland,* and may result from involvement in orbital cellulitis or orbital trauma, spread from severe intraocular inflammation, incidental involvement in systemic diseases, such as malignant catarrhal fever, feline infectious peritonitis, and canine distemper; or apparently specific immunologic assault. Specific dacryoadenitis caused by a coronavirus is extremely common in laboratory rats in which acute necrotizing inflammation of lacrimal, Harderian, and salivary glands results in eventual fibrosis and squamous metaplasia of affected glands. Residual lesions in mildly affected rats are multiple lymphoid aggregates in the glandular interstitium. Similar changes are often seen in dogs with keratoconjunctivitis sicca, and in the absence of demonstrated viral cause, are assumed to represent autoimmune lacrimal adenitis. The analogous lesion in people with Sjögren syndrome is associated with influx of numerous T-helper cells into the gland, but no studies have yet been published to prove this immune pathogenesis for canine lacrimal adenitis and atrophy. However, the efficacy of cyclosporine, which acts primarily by suppression of T-helper cells, in reversing canine lacrimal adenitis provides evidence for such a pathogenesis.

Similar inflammation affects the histologically similar gland of the third eyelid, and it is probably true that the third eyelid can be used to monitor the presence of disease within the main orbital lacrimal gland and the response to cyclosporine therapy.

**Protrusion of the nictitans gland** is quite common in dogs, and is thought to reflect a congenital laxity in the connective tissue anchoring the gland to the cartilage of the third eyelid. Because the resultant eversion is unsightly and resembles a neoplasm, these lesions frequently are excised even though the membrana nictitans may be normal except for overlying conjunctival inflammation from exposure and abrasion. Because this gland sometimes supplies a significant proportion of total lacrimal secretion, its surgical removal may be followed by keratoconjunctivitis sicca in dogs that have less than optimal function of the primary lacrimal gland. In dogs with keratoconjunctivitis sicca, the gland may suffer the same lymphocytic interstitial adenitis, fibrosis, and atrophy as affects the lacrimal gland itself.

**Lacrimal duct cysts** are seen clinically as focal accumulations of clear watery fluid causing cystic distention of the lacrimal canaliculi or lacrimal sac embedded within the conjunctival lamina propria near the medial canthus. Microscopically, there is cystic distention of a canaliculus, lacrimal sac, or proximal lacrimal duct lined by stratified squamous or pseudostratified cuboidal-to-columnar epithelium, depending on the exact location of the cyst. There may be residual lymphocytic inflammation and proprial fibrosis to suggest previous inflammation that may have caused duct obstruction either with exudate or via stricture. The surgical specimen seldom contains the exact site of obstruction, and in most cases, the cause for the obstruction remains speculative.

#### Conjunctiva {#s0210}

At the orifice of the Meibomian glands, the epidermis of the lid undergoes abrupt transition to the pseudostratified columnar mucous membrane typical of the palpebral conjunctiva. Goblet cells increase in number from the lid margin to the fornix, but ordinarily are absent in that portion of conjunctiva that extends from the fornix to the corneoscleral junction (bulbar conjunctiva). The number of goblet cells within the palpebral conjunctiva is regionally variable and also varies by species, so that any diagnoses based on an assumption of increased or decreased goblet cell numbers must be made with great care. Lymphoid aggregates are normal in the subepithelial connective tissue, particularly below the bulbar conjunctiva and the bulbar (inner) aspect of the nictitating membrane. These aggregates are more prominent in the conjunctiva of horses than other domestic species. Whether this increased prominence is normal or a reflection of increased antigenic stimulation of the conjunctiva in the dusty environment of many horse stables is unknown. The palpebral conjunctiva parallels the eyelid skin as it is directed toward the orbital rim, but then reverses direction at the fornix (also known as the conjunctival cul-de-sac) and transforms into the stratified squamous nonkeratinized epithelium of the bulbar conjunctiva heading toward the cornea. The transition from conjunctival to corneal epithelium overlies the transition from sclera to corneal stroma known as the **limbus.** It is an important structure clinically because it is the origin for most of the inflammation, pigmentation, scarring, and vascularization that characterize most severe corneal diseases. The limbus is not a precise line but a region characterized by transition from conjunctival to corneal epithelium, and by transition from the disorganized and vascularized connective tissue of the sclera to the nonvascular and highly regimented stroma of the cornea. There is often a slight thickening of the conjunctival epithelium at this transition zone, which is the site of the permanent replicative population of germinal cells important in normal corneal epithelial turnover and especially important in the healing of corneal wounds.

The general pathology of the conjunctiva is similar to that of other mucous membranes, but those reactions are also similarly "stereotypic" and seldom contain any histologic clues as to exact etiology or pathogenesis. *It is therefore rare for conjunctival biopsies to contain any specific etiologic information.* The diagnostic utility of conjunctival biopsies is further limited by the fact that most samples are not taken until the disease is chronic and all reasonable medical therapies have failed.

*Acute conjunctival injury,* whether physical, chemical, or microbial, results in hyperemia and severe edema. Evacuation of goblet cells and cellular exudation from the very labile conjunctival vessels add to the excessive lacrimation caused by any ocular irritation. With increasing severity of insult, the ocular discharge progresses from serous to mucoid and perhaps purulent.

*Chronic injury* results in various combinations of epithelial hyperplasia, disappearance of visible goblet cells, lymphofollicular hyperplasia, and squamous metaplasia progressing to keratinization. Lymphoid hyperplasia may be so marked as to result in grossly visible white nodules that may require surgical or chemical removal to reduce irritation of the adjacent cornea (clinically known as lymphofollicular conjunctivitis). Such *lymphoid hyperplasia is best considered a nonspecific response to any chronic antigenic stimulation, and it carries no etiologic specificity.* Conjunctivitis frequently accompanies other ocular disease, notably keratitis, uveitis, and glaucoma. Conversely, conjunctival inflammation may spread to the cornea, uvea, and orbit, although only secondary corneal involvement is common. The discussion later is directed at those diseases that cause conjunctivitis as the major clinical presentation, rather than examples of conjunctivitis that are simply bystander effects of inflammation in other parts of the globe.

*The causes of primary* **conjunctivitis** *include every class of noxious stimulus, including allergy and desiccation. As mentioned previously,* conjunctival biopsy is rarely performed until all therapeutic measures have failed. Also as mentioned previously, because conjunctiva seems to have such a limited range in histologic reaction, regardless of the nature of the initial injury, and also because such biopsies are usually delayed until the disease is chronic, it is rare for either histology or cytology to provide any real insight into the etiology of conjunctivitis. The etiologic significance of the lists of bacterial, fungal, and even viral agents mentioned in clinical textbooks should be considered with considerable skepticism in light of the normal bacterial and mycotic flora, and the high prevalence of conjunctival carriage of several viral agents in clinically normal animals.

Conjunctivitis occurs in a wide variety of multisystem diseases, such as canine distemper, Rocky Mountain spotted fever and ehrlichiosis, equine viral arteritis and babesiosis, bovine viral diarrhea, malignant catarrhal fever, classical swine fever, African swine fever, and others. Conjunctivitis accompanies most viral and allergic diseases of the upper respiratory tract. Only those diseases in which conjunctivitis is particularly prominent are discussed here.

*Infectious bovine rhinotracheitis* (IBR) in **cattle** is usually accompanied by serous to purulent conjunctivitis, which can be confused clinically with *infectious bovine keratoconjunctivitis* ("pinkeye") caused by *Moraxella bovis* (discussed later). However, corneal involvement with IBR is uncommon and is never the central suppurating ulcer typical of infectious keratoconjunctivitis. In an unpredictable number of animals, multifocal white glistening nodules, 1-2 mm in diameter, may be seen on the palpebral or bulbar conjunctiva. They appear as early as 3 days after instillation of bovine herpesvirus 1 into the conjunctival sac, and represent hyperplastic lymphoid aggregates. Overlying conjunctiva may be ulcerated and the defect filled with fibrin. IBR is discussed in Vol. 2, Respiratory system; Vol. 2, Alimentary system and peritoneum; and Vol. 3, Female genital system.

Conjunctivitis in **dogs** is most often a manifestation of allergy, desiccation, or mechanical irritation*.* Confirmed examples of infectious conjunctivitis are rare except as part of some of the systemic diseases mentioned previously.

In **cats*,*** *however, most examples of primary conjunctivitis* are probably caused by infectious agents. The agents most often incriminated are felid herpesvirus 1 (FHV-1, feline rhinotracheitis virus) and *Chlamydophila felis* (formerly *Chlamydia psittaci*). The diagnosis is usually made based upon clinical characteristics, the presence of other clinical signs, and demonstration of the infectious agent via PCR, immunofluorescence assay (IFA), or culture. Histologic lesions are not etiologically specific, and demonstration of the specific infectious agent in histology or cytology samples (even with the aid of immunofluorescence) is seldom possible because the smears or biopsies are taken too late in the course of the disease.

**Felid herpesvirus 1** causes a combination of conjunctivitis, keratitis, and upper respiratory disease when it first infects young cats, but it may cause conjunctivitis alone as a recurring infection in older cats that had recovered from the initial disease. The disease caused by the initial infection (usually in kittens 8-12 weeks of age, but occasionally in naive older cats) is much more severe than the conjunctivitis and/or keratitis associated with recurring disease in older cats. Infection of conjunctival and corneal epithelium results in cellular necrosis, transient suppurative or fibrinopurulent conjunctivitis, and then a more chronic lingering lymphocytic-plasmacytic conjunctivitis with squamous metaplasia. The etiologic specificity in the form of intranuclear eosinophilic herpetic inclusions is usually seen only in the first week of disease, a time at which clinicians are most unlikely to take biopsies. Many cats become lifelong carriers, with virus persisting in the trigeminal ganglion and periodically returning to the conjunctiva and/or cornea via retrograde axonal migration. The conjunctivitis seen in older cats is the result of unpredictable reactivation of latent infection, but is generally a mild and histologically nonspecific lymphocytic-plasmacytic conjunctivitis. A reliable etiologic diagnosis is difficult because of the poor sensitivity of virus isolation and immunofluorescence, and false positives related to the high prevalence of subclinical carriers.

***Chlamydophila felis*** usually causes unilateral conjunctivitis in cats of any age, without any other associated disease. The conjunctivitis is initially neutrophilic, but rapidly becomes a nonspecific mixed infection with subepithelial neutrophils, macrophages, lymphocytes, and plasma cells. Early in the disease (between days 3 and 14), typical intracytoplasmic inclusion bodies can be seen, and their detection is enhanced by immunofluorescent staining. Because the clinical signs are characteristic and disease is easily treated with tetracycline, histologic assessment is rarely required. In cases that are resistant to therapy, the disease is usually chronic and histologically nonspecific by the time biopsy is eventually done.

##### Parasitic conjunctivitis. {#s0215}

Parasitic conjunctivitis is relatively common worldwide and may be caused by members of the genera *Thelazia, Habronema, Draschia, Onchocerca,* and several members of the family *Oestridae*. Of these, only *Thelazia* is truly an ocular parasite; the others cause eyelid, conjunctival, or orbital disease incidentally in the course of larval migration.

Members of the genus ***Thelazia*** are thin, rapidly motile nematodes 7-20 mm in length that inhabit the conjunctival sac and lacrimal duct of a variety of wild and domestic mammals worldwide. Their prevalence is much greater than the prevalence of conjunctivitis, suggesting that their number must be greater than usual before signs of conjunctival irritation are observed. The species most commonly associated with conjunctivitis in domestic animals are *T. lacrymalis* in horses; *T. rhodesi, T. gulosa,* and *T. skrjabini* in ruminants; *T. callipaeda* in carnivores and humans; and *T. californiensis* in many species, including dog, cat, bear, coyote, deer, and man. Female worms are viviparous, and larvae free in lacrimal secretions are consumed by flies of the genus *Musca,* in which they develop for 15-30 days. The third-stage infective larvae migrate to the fly\'s proboscis and are returned to the conjunctival sac as the fly feeds.

**Ocular habronemiasis** results from deposition of larvae by the fly intermediate host, usually *Musca domestica* or *Stomoxys calcitrans*, in the moisture of the medial canthus of horses. Larvae of *Habronema muscae, H. microstoma,* or *Draschia (Habronema) megastomum* are the culprits. The burrowing larvae cause an ulcerative, oozing lesion \~0.5-1.0 cm in diameter at the medial canthus, which becomes progressively more nodular as a granulomatous reaction to the larvae mounts. Mineralized granules may be found within the lesion along with caseous debris, liquefaction, and viable larvae. The histologic lesion is similar to that of cutaneous habronemiasis, namely, chronic eosinophilic and granulomatous inflammation surrounding live or dead larvae and eosinophils ([Fig. 5-23](#f0120){ref-type="fig"} ).Figure 5-23**Conjunctival habronemiasis.** Only rarely would fragments of larvae be detected within the center of these eosinophil-rich mineralizing granulomas.

**Ocular onchocerciasis** results in the formation of granulomas and suppurating granulomas around fragmented or viable adult filarids within the sclera and subconjunctival lamina propria of dogs. Dogs are considered abnormal hosts for this parasite, which is much more commonly found in horses, cattle, and other ungulates. In horses, the infection causes a more diffuse eosinophilic and granulomatous conjunctivitis and peripheral stromal keratitis with a character similar to that in skin. Adults and microfilariae can be identified within the reaction. Microfilariae of *Onchocerca* are routinely encountered within conjunctival lamina propria and almost never cause histologic lesions or clinical signs.

##### Ophthalmomyiasis. {#s0220}

A syndrome of periocular and even intraocular invasion by *fly larvae* occurs in various species, including humans. Its various manifestations are known collectively as ophthalmomyiasis. Specific *oculovascular myiasis, "uitpeuloog,"* or *"gedoelstial myiasis"* is a disease of domestic ruminants and horses caused by invasion and migration of larvae of ***Gedoelstia*** spp. of the family *Oestridae*. The *Gedoelstia* are parasites of the blue wildebeest and hartebeest, the larvae being deposited in the eye, rather than in the nares, as is the habit of *Oestrus* ovis. The most important member of the genus in terms of frequent aberrant parasitism in domestic species is *G. hassleri,* which in its natural antelope host migrates to the nasal cavity via the vascular system, cerebral meninges, and subdural space. The parasitism is not clinically significant in the antelope, but in domestic species that are aberrant hosts, severe ocular and neural disease occurs, sometimes on a large scale. The disease is seasonal and occurs particularly in domestic ruminants in contact with wildebeest.

The ocular lesions vary from *transient mild conjunctivitis to destructive ophthalmitis* with orbital or periorbital edema or abscessation affecting one or both eyes. Neurologic signs of varied pattern are common in sheep, partly caused by the larvae directly and partly by thrombophlebitis marking their route of invasion. Thrombosis may be very extensive, may involve the jugular vessels and endocardium, and may cause sudden death when coronary vessels are affected.

Larval migration may be into the conjunctival sac, orbital tissues, or into the eye itself. In the last instance, *ophthalmomyiasis interna,* the globe is often destroyed by the larval penetration. However, a syndrome of relatively harmless larval migration in the subretinal space or within vitreous has been reported in people. The characteristic subretinal linear tracks may be accompanied by focal retinal separation, preretinal and subretinal hemorrhage, and focal proliferations of retinal pigment epithelium. Two reported cases in cats had similar subretinal tracks, hyperplasia of pigment epithelium, and retinal hemorrhages. In one, the live motile larva was detected either on the face of, or just within, the retina. Subsequent examination failed to detect the larva, and the eye lesions resolved except for the subretinal tracks and pigment clumps.

The penetration is usually by a single larva despite numerous eggs or larvae within the conjunctiva. The larva may die within the globe or continue its migration by uneventful exit from the globe via sclera, optic nerve, or vessel adventitia.

Ophthalmomyiasis interna anterior has also been reported in a cat in association with infection with a first instar larva of ***Cuterebra*** spp. Severe anterior uveitis resolved after prompt surgical removal of the larva, but retinal degeneration and blindness ensued.

##### Immune-mediated conjunctivitis. {#s0225}

**Presumed allergic conjunctivitis** occurs in all species but is most likely to be investigated in dogs (most examples of conjunctivitis in cats are assumed to have an infectious pathogenesis). Rarely is a specific allergen identified and, like its counterparts in allergic skin diseases, the diagnosis is based upon the failure to demonstrate infectious or mechanical causes, response to corticosteroid therapy, and sometimes a convincing association with environmental changes. Biopsy is rarely warranted, but when taken during the acute disease may show epithelial changes ranging from erosion to hyperplasia to squamous metaplasia, with eosinophils around dilated subepithelial blood vessels and percolating throughout the epithelium. Eosinophils are much more likely to be identified in cats than in dogs, a species difference that is also true of allergic skin disease in general. More chronic lesions, which are the more usual to be biopsied, have squamous metaplasia, lymphocytic-plasmacytic subepithelial infiltrates, and the formation of lymphoid nodules.

There are a few histologically distinctive examples of conjunctivitis that are assumed to represent immune-mediated disease, mostly because they respond only to aggressive immunosuppressive therapy. In some dogs with chronic conjunctivitis (perhaps particularly German Shepherd dogs), the infiltrate sometimes becomes particularly plasmacytic, diffuse, and thick in a fashion resembling an interface dermatitis. The bulbar surface of the third eyelid is the favorite location, and many believe this lesion (sometimes referred to as *"plasmoma")* to be the conjunctival variant of pannus keratitis.

Cats and horses may develop a severe **eosinophilic conjunctivitis** that is thought, by some, to be a conjunctival counterpart of the eosinophilic keratitis syndrome. Lesions may be unilateral or bilateral, and, at least in cats, there is almost always a concurrent ulcerative marginal blepharitis. Histologic changes include ulceration, epithelial hyperplasia, squamous metaplasia, and a heavy lymphocytic infiltration with a large proportion of eosinophils. The role of felid herpesvirus 1 in the pathogenesis of eosinophilic conjunctivitis and keratitis in cats remains controversial, with strongly conflicting results in different studies. For further details, see [Feline eosinophilic keratitis](#s0320){ref-type="sec"}.

**Ligneous conjunctivitis** is a distinctive clinical and histologic entity, thus far confirmed only in dogs. It appears to be a close clinical and histologic counterpart for the human disease of the same name. The clinical disease is bilateral and characterized by marked "wooden" thickening and opacity of the palpebral conjunctiva and conjunctiva of the third eyelid. Histologically, the conjunctival lamina propria is thickened by massive deposition of hyalinized fibrin and a diffuse scattering of mononuclear leukocytes. The defect is seen in dogs with congenital (and probably inherited) plasminogen deficiency, resulting in the excessive persistence of fibrin that is presumably being generated as part of almost any type of inflammatory disease. The specificity of the diagnosis does not reside in the character of the inflammation, but in the abnormal persistence of the fibrin once it is generated. Only one report included postmortem evaluation of other tissues, and there were similar fibrin deposits below other mucous membranes, as well as in epicardium and endocardium. Conjunctival lesions can be successfully treated with topical plasminogen.

**Feline lipogranulomatous conjunctivitis** is probably the feline counterpart of canine chalazion. The lesion occurs almost exclusively in the lamina propria of the palpebral conjunctiva adjacent to the margin of either the upper or lower eyelid. The histology is very repeatable, consisting of a nodular accumulation of clear lipid lakes intermingled with large foamy macrophages and a few small or mononuclear leukocytes ([Fig. 5-24](#f0125){ref-type="fig"} ). Although the original report contained no mention of adjacent Meibomian lobules, the similarity between this entity and canine chalazion is impossible to ignore (see [Fig. 5-22B](#f0115){ref-type="fig"}).Figure 5-24**Feline lipogranulomatous conjunctivitis.** Lipid lakes and foamy macrophages indistinguishable from canine chalazion.

Key PointsAlmost every enucleated globe will have lymphocytes and plasma cells diffusely and/or in nodules within the bulbar and palpebral conjunctival lamina propria. We have no idea of the normal reference range for leukocytes in this location, and therefore distinguishing normal resident leukocytosis from pathologic lymphocytic-plasmacytic conjunctivitis is completely subjective.
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Cornea {#s0240}
------

The cornea of domestic mammals is a horizontal ellipse of modified skin varying from 0.6-2.0 mm in thickness among the various species. In general, the larger and older the animal, the thicker is the cornea. It has 3 histologic layers; physiologically, there is a fourth and most superficial layer of precorneal tear film, but that is not visible histologically. The most superficial layer is 10-15 layers of *stratified squamous nonkeratinized epithelium* sitting on a thin basal lamina. That epithelium has limited regenerative capacity, forms a hydrophobic barrier via tight junctions between the horizontal cell membranes, and is anchored to the underlying stroma by hemidesmosomes with anchoring fibrils that penetrate through the basal lamina and into the superficial stroma. That epithelium has a turnover time of approximately 2 weeks, and the germinal basal cells are continuously replenished by centripetal migration of cells from the permanent replicative population that resides in the bulbar conjunctiva at the limbus.

The middle layer, and always the thickest layer, is the *corneal stroma*. It resembles modified sclera, with the collagen fibers being particularly thin and regular, stretching the entire diameter of the cornea without interruption and lying parallel to the corneal surface. The stromal fibrocytes, known as *keratocytes*, are inconspicuous. There are no blood vessels, and there are no visible leukocytes within the normal corneal stroma. Innermost is a single layer of flattened cuboidal epithelial cells known as the *corneal endothelium*. It makes a basement membrane that becomes progressively thicker throughout life, known as *Descemet\'s membrane.* That membrane separates the corneal endothelium from overlying stroma ([Fig. 5-25A](#f0130){ref-type="fig"} ). Further details of corneal histology and biology will be introduced later as they become relevant to lesion interpretation.Figure 5-25**A. Normal canine cornea.** Uniform, nonkeratinized epithelium without pigmentation or rete ridges. Stroma is poorly cellular. The clefts among the stromal fibers are unavoidable formalin fixation artifacts. **B. Central corneal edema** from abrasion of the corneal endothelium by a luxated lens. Masson trichrome stain.

Understanding corneal disease requires a firm grasp of corneal embryology, physiology, and microscopic anatomy. Without this understanding, corneal disease simply becomes a list to be memorized and diagnosed only if the lesions match pictures and descriptions already contained in various textbooks. This is not fruitful because the range of diseases is seemingly infinite, and the lesions hardly ever match perfectly with published photographs! *Fortunately, there are only 3 fundamental concepts required to truly understand 95% of all corneal diseases.* 1.The cornea begins its embryologic life as skin, and seems to harbor a secret desire lifelong to return to being skin! It is able to survive postnatally as an avascular, cell-poor, transparent cornea only because it is afforded a moist and sheltered environment thanks to the constant protection and support offered by the eyelids, the tear film, and the orbital bones. If there is any lapse in the ability of these structures to properly protect and nurture the cornea, it will slowly revert to being skin by becoming keratinized, pigmented, and vascularized.2.When subjected to an injury that overwhelms the structural and functional protection offered by the tear film, eyelids, and orbit, the cornea has only 2 fundamental responses: acute and severe injury that results in epithelial or stromal death seen clinically as ulceration, or mild and chronic injury permitting the cornea to adapt via cutaneous metaplasia to become histologically and functionally skin-like and therefore much more resistant to further injury.3.Because the cornea has no resident blood vessels or leukocytes, it cannot undergo true inflammation, and so *there is no such thing as primary "keratitis."* Almost all lesions interpreted clinically as keratitis are actually the result of corneal injury and repair. Only in the event of cutaneous metaplasia, with the acquisition of blood vessels, can the cornea undergo true inflammation.

The cornea exists in a privileged environmental niche, bathed in the nurturing and antimicrobial saline of the tear film and protected from other irritation by the movable eyelids. Within this protected niche, the cornea does therefore not require the protective attributes of skin (keratinization, leukocytes, blood vessels) to protect itself from the harsh external environment. If there is rapid deterioration in any component of this protective environment, the cornea is most likely to respond with ulceration and subsequent wound healing. If, on the other hand, the shift is of gradual onset, then the more likely response is adaptive metaplasia in which the cornea reaches into its embryologic cutaneous heritage and becomes skin-like.

Corneal injury may result from physical or chemical trauma, microbial agents, increased intraocular pressure and, rarely, from inborn errors of metabolism. Specific features of some of these injuries will be discussed later, but the general reactions to most corneal injuries are presented here.

### Corneal edema {#s0245}

*The essential clinical attribute of the cornea is its clarity, and it is the loss of clarity that is the most obvious indicator of corneal disease.* The clarity results from several highly specialized anatomic and physiologic features: an unusually regular, nonkeratinized, and nonpigmented surface epithelium; an avascular, cell-poor stroma composed of very thin collagen (mostly type I) fibrils arranged in orderly lamellae separated by a critical distance to allow the uninterrupted passage of light (62--64 nm); and a high degree of stromal dehydration maintained by the presence of epithelial tight junctions, endothelial tight junctions, and a Na^+^-K^+^--dependent ATPase pump in the cell membrane of the corneal endothelium (see [Fig. 5-25A](#f0130){ref-type="fig"}).

*Corneal edema occurs rapidly following injury and results from imbibition of lacrimal water through damaged corneal epithelium, absorption of anterior chamber water at a site of corneal endothelial damage, or failure of electrolyte (and thus water) extrusion by the corneal endothelial electrolyte pump (a mechanism for corneal edema, which is fluid leakage from ingrowing corneal blood vessels, as discussed later).* If the epithelial or endothelial defect is focal, the resultant edema is limited to the stroma adjacent to the defect. The edematous cornea is clinically opaque, and may be up to 5 times its normal thickness. At least experimentally, edema subsequent to endothelial damage tends to be more severe than edema secondary to epithelial injury. Edematous stroma stains less intensely than normal, and collagen lamellae are separated into a fine feltwork of pale-staining fibrils by excessive hydration of the glycosaminoglycan ground substance (principally keratan sulfate, dermatan sulfate, and chondroitin sulfate). These sulfated glycosaminoglycans have different water-binding capacities, and differences in glycosaminoglycan distribution within different layers of the corneal stroma may explain why corneal edema is sometimes more obvious at one level of the stroma than others ([Fig. 5-25B](#f0130){ref-type="fig"}). Percolation of stromal fluid into the epithelium results in the intercellular and intracellular edema known as bullous keratopathy.

Edema may also accompany corneal vascularization in response to severe corneal injury or in response to angiogenic growth factors produced elsewhere in the globe (e.g., uveitis or intraocular neoplasia) that simply "overflow" to stimulate the corneal ingrowth of the blood vessels at the limbus. Other examples of corneal edema are seen in glaucoma, lens luxation, and anterior segment anomalies. In the former, it is assumed that the high aqueous pressure drives fluid into the hydrophilic corneal stroma to a degree that overcomes the endothelial ion pump that dehydrates the stroma under normal conditions. In lens luxation, there is mechanical abrasion of corneal endothelial cells, and in anterior segment anomalies (such as persistent pupillary membranes or congenital anterior synechiae), there are focal developmental defects in endothelial continuity.

Persistent corneal edema seems to predispose to stromal vascularization and fibrosis, but numerous experimental models show that edema itself is not the stimulus. Instead, it is probably the accompanying infiltration of neutrophils through corneal epithelial defects or from peripheral neovascularization that provide most of the angiogenic and fibroblastic cytokines. Damaged epithelium and stromal fibroblasts are alternative sources. A natural example of virtually permanent corneal edema, without accompanying vascularization, occurs in several dog breeds (most frequently in Boston Terriers, Dachshunds, Chihuahuas, and German Shepherd dogs) with corneal endothelial dystrophy. The disease in all breeds is of adult onset, with slowly progressive, bilateral, and apparently spontaneous degeneration of corneal endothelial cells accompanied by ineffective repair in the form of fibrous metaplasia. When the number of viable endothelial cells decreases to \<50% of normal, persistent bilateral diffuse stromal edema ensues (for more details, see [Corneal dystrophies and deposits](#s0260){ref-type="sec"}).

Key PointsFixation of cornea in isotonic fixatives such as 10% formalin results in unavoidable artifactual osmotic edema that is seen as clear clefts separating adjacent stromal collagen fibers. Distinguishing this from genuine edema can be almost impossible, and it is wise to rely on clinical descriptions more than histopathology for the detection of acute corneal edema.

#### Corneal cutaneous metaplasia {#s0250}

Injury to the corneal surface that exceeds the homeostatic ability of that epithelium, resulting in corneal ulceration, is described later. Less drastic change to the local environment that results in sublethal injury to the surface epithelium (qualitative or quantitative inadequacy of tears, irritation from misdirected eyelashes or from entropion, or exophthalmos) will result in adaptive cutaneous metaplasia. As mentioned previously, even the adult cornea retains an embryonic capacity to revert to skin if it is deprived of its normal nurturing environment. *The chronically irritated epithelium therefore undergoes reactive hyperplasia with the appearance of rete ridges, melanin pigmentation, and surface keratinization.* The adjacent stroma undergoes dermis-like irregular fibroplasia and acquires vascularization via capillary migration from the limbus. These changes, although they enable the cornea to survive in a hostile environment and to combat the inflammatory stimulus, also deprive it of its transparency ([Fig. 5-26A, B](#f0135){ref-type="fig"} ).Figure 5-26**Corneal cutaneous metaplasia. A.** Dog with stromal vascularization and scarring in response to chronic keratoconjunctivitis sicca. **B.** Corneal keratinization, epithelial and stromal pigmentation, thickened basement membrane, and superficial stromal vascularization. Chronic keratoconjunctivitis sicca.

Corneal cutaneous metaplasia is probably not an in situ transformation of corneal stroma and epithelium. Instead, it probably represents a failure of corneal transformation by the permanent replicative population of scleral fibroblasts and conjunctival epithelium that constantly replenish the corneal stroma and epithelium.

Key PointsVirtually every enucleated globe will have corneal lesions of some type. The most common are peripheral stromal fibrovascular ingrowth as part of corneal wound healing or in response to intraocular inflammatory disease, and corneal ulceration or cutaneous metaplasia in response to acute or chronic corneal desiccation.

### Corneal wound healing {#s0255}

Virtually every globe submitted by a veterinary practitioner for histologic assessment will have some type of corneal injury, varying from acute ulceration to more chronic manifestations of post-ulcerative wound healing. These lesions may be intrinsic to the primary ocular disease or may be purely secondary to conditions such as glaucoma, endophthalmitis, or exophthalmos. A thorough understanding of corneal injury and wound healing is essential to properly interpret the clinical and diagnostic significance of the corneal lesions.

Corneal ulceration represents a loss of the surface epithelial barrier. It causes rapid osmotic imbibition of the tear film water, resulting in corneal edema. Neutrophils are absorbed as well, usually just in small numbers appropriate to the physiologic debridement and sterilization of the injured tissue. Neutrophils are also important contributors to the initiation of the wound healing process. Excessive or abnormally persistent recruitment of neutrophils, however, carries the risk of initiating excessive stromal lysis as a reflection of bystander injury. Such excessive recruitment is usually a reflection of secondary bacterial infection and is discussed further in the sections dealing with keratitis.

*The mechanisms of healing of corneal wounds vary with the severity of the injury, and involve an extremely complex interaction of epithelium, stroma, and innumerable cytokine growth factors derived from tear film, infiltrating leukocytes, and resident epithelium and stroma.* Only the major elements will be described here, with an emphasis on histologically detectable events rather than on chemical mediators.

The most pragmatic classification of corneal injuries is to distinguish septic from nonseptic injuries, and then to subdivide nonseptic injuries into superficial versus deep, and transient versus persistent or recurrent. Even these distinctions are not ironclad because nonseptic injuries may become secondarily infected, and shallow injuries may progress to involve deeper stroma. Nonetheless, it is helpful to impose some sense of order on this potentially chaotic picture to facilitate understanding.

*Shallow and transient nonseptic defects* involving epithelium alone, or epithelium and superficial stroma, heal by epithelial sliding, followed after \~24 hours by mitosis ([Fig. 5-27A](#f0140){ref-type="fig"} ). One cannot claim that the initial depth alone is the deciding factor, because even very deep wounds will sometimes heal just with epithelial sliding and eventual mitotic rebuilding, as long as the epithelium is satisfied with the quality of the underlying stroma. The sliding begins within a few hours, initially from wing cells from the immediately adjacent, viable cornea. Migration by basal cells rapidly follows. The sliding is preceded by lysis of the hemidesmosomes. Adhesion of the sliding epithelium is initially to adhesion molecules such as fibronectin and laminin deposited along the exposed stromal surface. Reformation of the hemidesmosomes and their anchoring filaments may take weeks or even months, during which time epithelial adhesion remains precarious. Healing of shallow, uninfected corneal ulcers by sliding epithelium is rapid, \~1 mm per day; restoration of the basal lamina and hemidesmosomes may take up to \~6 weeks.Figure 5-27**Corneal wound healing. A.** Recent shallow uncomplicated ulcer healing by local epithelial sliding. Note the osmotic stromal edema and the expected sparse accumulation of neutrophils from the tear film, **B.** In this deep ulcer, the proliferating epithelium has migrated down the edges of the wound to reach Descemet\'s membrane. Note the accompanying stromal granulation tissue originating from the limbus. **C.** Coordinated migration from the limbus by epithelium and granulation tissue attempting to heal a stubborn corneal ulcer. **D.** The migrating corneal epithelium is using a remnant of Descemet\'s membrane and a prolapsed iris as a scaffold for migration following corneal perforation.

*Persisting or reoccurring shallow ulcers* that cannot be healed just by sliding, and replication of adjacent corneal epithelium may require the recruitment of cells from the conjunctival epithelium at the corneoscleral junction, which is the site of the permanent replicative population. Such cells, when recruited for corneal wound healing, may retain a conjunctival phenotype that includes pigmentation and a tendency to form rete ridges. The exact chemical signaling that determines whether the migrating epithelium retains a conjunctival phenotype or becomes truly corneal is not known, but epithelium that is migrating into an environment of persistent desiccation or superficial irritation will typically remain "conjunctival," and is often referred to as *cutaneous metaplasia* (see [Fig. 5-26](#f0135){ref-type="fig"}). The regenerating epithelium always seems to produce its own new basement membrane even if pre-existing basement membrane still seems available, so thickening of the basement membrane is one of the histologic clues by which we identify recurrent ulceration. If the injurious stimulus disappears, the conjunctival character of the epithelium slowly fades, being replaced within 4-6 weeks by a normal corneal epithelial configuration. Epithelial adhesion to the underlying stroma remains fragile for 6-8 weeks until the hemidesmosomal attachments of epithelium to basal lamina and stroma can rebuild. In the interim, the cells adhere to a mixture of fibrin and fibronectin derived from the inflamed conjunctival vessels via the tear film or from the injured cornea itself. In many cases, the only evidence of previous shallow ulceration is a thickened basal lamina resulting from secretion by the regenerating epithelium, and gentle undulation of the normally flat epithelial-stromal interface.

*Injuries involving substantial stromal* damage may be a direct result of the severity of the initial injury, but more often, it is the result of neutrophil-mediated stromal lysis in those corneal injuries that were initially, or later became, septic. Sometimes this neutrophil-mediated stromal lysis (known clinically as keratomalacia) develops even in the absence of detectable sepsis. Shallow defects in the superficial stroma may become filled by a thickened plaque of epithelial cells that create an *epithelial facet*. Deeper defects that include more than the outer third of stroma will usually require rebuilding of the damaged stroma before epithelial sliding and regeneration can occur, but this is not invariable. The quality of the stroma seems to be more important than the quantity of stroma when it comes to determining whether wound healing will occur just by epithelial sliding, or whether the stroma itself must be rebuilt as a prelude to successful epithelial healing. Even very deep corneal ulcers sometimes heal almost exclusively with epithelial sliding and subsequent replication, with no apparent effort to rebuild the stroma ([Fig. 5-27B](#f0140){ref-type="fig"}). What determines the exact pattern of wound healing is probably the mixture of cytokine growth factors produced in response to corneal injury. The list of growth factors and their origins seems almost endless, and the confusion is perpetuated by our inability to accurately transfer in vitro experimental information into an in vivo clinical situation. The activity of these various cytokines depends on when the cytokine is introduced, how much of it is present, and what other cytokines are present within the environment. The major cytokines involved in corneal wound healing, their most common functions, and the usual cells of origin are listed in [Table 5-1](#t0010){ref-type="table"} . What follows is a greatly simplified version of these events.Table 5-1Cytokine mediators of corneal wound healingEvent[\*](#tn0010){ref-type="table-fn"}Cytokine triggerSourcesSuperficial stromal apoptosisIL-1Injured corneal epithelium, injured keratocytes, tear filmCorneal epithelial flattening, slidingEGF, HGFTear film, corneal epitheliumStromal myofibroblastic differentiationPDGF\
TGF-βEpithelial basement membrane, leucocytes\
Tear filmInflux of leucocytesMCAF\
TNF-αKeratocytes stimulated by IL-1 or TNF-α\
Injured epitheliumStromal lysisIL-1 upregulates local proteases\
MCAF attracts leucocytes\
TNF-α attracts leucocytesKeratocytes, corneal epithelium, tear film\
Injured keratocytes\
Injured epithelium[^1][^2]

Within a few hours of the insult, neutrophils enter the wound via the tear film. They migrate into the stroma and control bacterial contamination, degrade damaged collagen, and stimulate both fibroplasia and vascularization via production of various cytokines, especially basic fibroblast growth factor derived from injured epithelium, stromal neutrophils, and injured stromal fibroblasts themselves. Viable stromal cells (keratocytes) adjacent to the wound undergo fibroblastic metaplasia and secrete large amounts of sulfated ground substance, particularly chondroitin sulfate. Most of the new stroma is produced by fibroblasts recruited from the limbus. Their ingrowth is always accompanied by a similar ingrowth of new blood vessels ([Fig. 5-27C](#f0140){ref-type="fig"}). This ingrowth begins \~4 days after substantial corneal injury, and migrates from the limbus centrally at a maximal rate of \~1 mm per day. This 4-day lag time is, presumably, a period of grace in which small or shallow defects can heal with epithelial regeneration alone, without the visual impairment that inevitably follows stromal fibroplasia. Once the epithelium seals the defect, there is immediate cessation of neutrophilic influx and, presumably, a similarly abrupt drop in the production of fibroblastic/angioplastic stimulatory cytokines. *The scarring and vascularization that are the manifestations of stromal rebuilding are permanent,* even though the fibrous tissue gradually becomes less cellular, the collagen fibrils reorient to resemble more closely the parallel arrays of normal stroma, and the ground substance gradually reverts from an embryonic configuration dominated by chondroitin sulfate to the normal predominance of keratan sulfate. Complete restitution of normal stroma, however, never occurs, although the residual scar may be subtle and better detected by clinical examination than by histology. Undesirable though such scarring may be, it is certainly better than the alternative of ineffective corneal healing and inevitable corneal rupture.

*Healing of a corneal perforation involves the same events as does healing of a deep corneal ulcer, but there are some added challenges and complications.* The cut edges of Descemet\'s elastic membrane retract from the wound, and the transcorneal gap is initially plugged with fibrin and, sometimes, by prolapsed iris. The migrating corneal epithelium seems so focused on sealing the defect that it will sometimes use that temporary scaffold as a substrate on which to slide ([Fig. 5-27D](#f0140){ref-type="fig"}). If the gap is not closed by suturing or by a provisional matrix supplied by fibrin and/or iris stroma, there is the risk that the surface epithelium will grow downward along the cut surface of the stroma and into the anterior chamber. Its migration will be inhibited only by contact with viable corneal endothelium. If it does not encounter that endothelium, there is nothing to stop the epithelium from growing as a layer of stratified squamous epithelium all over the inside of the globe. Obstruction of the filtration angle inevitably causes glaucoma.

As with the surface epithelium, the corneal endothelium at the deep edge of the perforation attempts to bridge the defect by sliding over the fibrin scaffold to restore endothelial continuity. Replacement by mitosis begins within \~24 hours in some experimental models, but *the replicative capability of the corneal endothelium in adult animals of most domestic species is very limited, and repair occurs by endothelial sliding and hypertrophy.* So potent is this capability that normal stromal dehydration can be maintained even in the face of a 50% reduction in endothelial cell density (in dogs, \~25,000 cells/mm^2^). The cut ends of Descemet\'s membrane make no apparent effort at regrowth, but rather, the endothelium gradually secretes a new membrane that may eventually fuse with the old or remain separated from it by a layer of fibrous tissue.

The sequence of epithelial sliding and regeneration, remodeling stromal fibrosis, and endothelial repair is not uniformly successful. There are many variations on this stereotypic theme because there are so many different variables related to initial causation and to secondary complications (especially sepsis). This influences the exact intermingling of all the chemical and cellular ingredients involved in this wound healing. Large gaping wounds commonly fill with a mixture of prolapsed iris and fibrin that will usually resolve into permanent iridocorneal adhesions known as *anterior synechiae* ([Fig. 5-28A](#f0145){ref-type="fig"} ). The migrating corneal epithelium will commonly use the iris as a "substitute stroma," growing across its surface to seal the corneal defect while leaving the iris permanently incorporated into the corneal stroma ([Fig. 5-28B](#f0145){ref-type="fig"}). Perforating injuries that disrupt Descemet\'s membrane and corneal endothelium stimulate repair of that endothelium as described previously, but in many cases, there is also a plaque of fibrous tissue that forms in the deep stroma and in the anterior chamber adjacent to that injury. The fibroblasts, most of which are probably derived from stromal keratocytes but which may also evolve via endothelial fibroblastic metaplasia, tend to grow along the posterior surface of Descemet\'s membrane to form what is known as a *retrocorneal fibrous membrane*. Eventually, the corneal endothelium may regain continuity on the posterior surface of this membrane, secrete a new Descemet\'s membrane, and result in a cornea with 2 separate Descemet\'s membranes separated by persistence of this retrocorneal fibrous membrane.Figure 5-28**Anterior synechiae**. **A.** Permanent focal anterior synechia as a sequel to iris prolapse following corneal perforation in a steer with *Moraxella bovis* infection. Masson trichrome stain. **B.** The iris is firmly adherent to the deep border of the scarred cornea, thereby obliterating the anterior chamber.

### Corneal dystrophies and deposits {#s0260}

Deposits of various lipids and minerals may occur within the corneal stroma or basement membrane zone as part of an inborn metabolic error (corneal dystrophies), secondary to excessive circulating levels of these lipids and minerals, or secondary to corneal injury. Such deposits are clinically obvious and are relatively common in clinical practice, but they are neither common nor obvious in samples submitted for histologic assessment. With the exception of corneal endothelial dystrophy (which is very different from all the others), only rarely do they cause significant visual impairment, and they are almost never the cause for ocular enucleation or evisceration. They are occasionally encountered in globes removed for other reasons, and they are included here only for completeness.

*Corneal dystrophies are bilateral, inherited (but not necessarily congenital) defects in structure or function of one or more corneal components not triggered by injury or systemic disease. They are subclassified as epithelial, stromal, or endothelial, but as a group they are poorly understood, and the current classifications are based mostly on clinical parameters.* They are all uncommon, and almost all examples have been described in dogs. The list grows daily, with more than 30 different breeds affected. The least infrequent are the stromal dystrophies characterized by the deposition of lipids and/or minerals within an otherwise normal-appearing stroma. The deposition of mineral or lipid secondary to inflammatory disease or systemic metabolic abnormality should not be interpreted as corneal dystrophy (corneal dystrophies are considered separately later).

True corneal dystrophies are clinically obvious, and they are diagnosed based on clinical characteristics and especially based on the breed of dog affected. They are not usually significant to visual function and are of concern only because they are unsightly and inherited. *It would be rare for a pathologist to receive any type of biopsy specimen except as part of a research study. Only a few of the most common or most classic examples are presented here.*

#### Corneal lipid and crystalline dystrophies {#s0265}

*Corneal stromal crystalline dystrophies are by far the most common dystrophies that are seen in clinical practice.* They include a wide range of breed-specific lipid and/or mineral deposits within the corneal stroma, with the exact age of onset, location, and clinical appearance being relatively specific in each breed and therefore allowing fairly reliable clinical diagnosis. Specimens are rarely available for histologic assessment because the disease does not cause blindness and is not associated with any systemic abnormality. In most, the chemical nature of the deposit and character of the corneal stromal metabolic abnormality have not been determined. They are seen as accumulations of cholesterol crystals within and among corneal stromal collagen fibers, or as deposits of mineral within the very superficial stroma or basement membrane. They are usually bilateral and symmetrical, and initially they are not associated with inflammation or repair. It is claimed that some will eventually trigger corneal injury with resultant scarring and vascularization, but there are virtually no histologic studies, and it is very difficult to be certain whether such cases are true dystrophies or are occurring secondary to some other type of corneal injury.

**Corneal endothelial dystrophy** occurs in Boston Terriers, Chihuahuas, Dachshunds, German Shepherd dogs, and several other dog breeds, and causes slowly progressive bilateral corneal edema in mature dogs. The edema usually begins adjacent to the lateral limbus and may initially be unilateral and unaccompanied by other clinical signs. Later, epithelial fluid bullae may rupture to cause painful corneal ulcers and associated inflammation. Despite the persistent stromal edema, fibrosis and vascularization do not occur unless rupture of epithelial bullae initiates keratitis. *The primary lesion is spontaneous necrosis of corneal endothelium, followed by hypertrophy, fibroblastic metaplasia, and sliding of viable endothelium.* A marked progressive decrease in overall endothelial cell density eventually causes severe bilateral corneal edema. The reason for the endothelial cell death is unknown. Focal irregularities in Descemet\'s membrane occur in areas of endothelial loss, presumably a result of new basement membrane production by adjacent endothelium making a futile effort at regeneration.

A rare, juvenile-onset, genetically transmitted *endothelial dystrophy in Manx and domestic shorthair cats* is manifest as bilateral, progressive central epithelial and stromal edema. Fluid accumulates within superficial stroma and within the epithelium. Primary morphologic abnormalities are not described in the Manx, but in shorthairs there is irregularity and vacuolation of corneal endothelium.

#### Corneal deposits secondary to metabolic disease {#s0270}

*Deposition of mineral, lipid, or pigment within the cornea may occur secondary to chronic corneal injury or to systemic metabolic disease in any species. The most frequent of these is peripheral stromal deposition by lipids in animals with hyperlipidemia associated with Cushing\'s disease, diabetes mellitus, hypothyroidism, or excessive dietary lipid intake.* Most of these animals have documented hyperlipidemia, and the deposition of these lipids within cornea is just accidental "overflow" from the limbal blood vessels. Such depositions may initially be noninflammatory, but in most instances, they are accompanied by substantial secondary inflammation and vascularization. Histologically, there is disruption of normal corneal architecture by superficial stromal deposition of cholesterol crystals, accompanied by nonseptic granulomatous inflammation, fibrosis, edema, and vascularization ([Fig. 5-29](#f0150){ref-type="fig"} ).Figure 5-29**Lipid keratopathy.** Clefts of cholesterol within the corneal stroma trigger mild nonseptic granulomatous inflammation.

Much less prevalent than secondary corneal lipidosis is stromal or basement membrane mineralization in animals with hypercalcemia. Most examples of stromal or basement membrane mineralization are reflections either of a primary corneal dystrophy or of dystrophic mineralization secondary to stromal injury (see later).

#### Corneal deposits secondary to injury {#s0275}

**Corneal melanosis** often accompanies *chronic corneal irritation in dogs* and less frequently in other species, particularly horses. The pigment is found in the basal layer of the corneal epithelium and in the superficial stroma. *It is the result of progressive ingrowth of new germinal cells that have retained pigment from the bulbar conjunctiva.* The clinical name, *"pigmentary keratitis,"* is inaccurate because the disease is not inflammatory. The corneal epithelium is invariably hyperplastic and often has the other features of *corneal cutaneous metaplasia*, such as rete ridge formation, keratinization, and abnormally thick basement membrane. There is usually evidence of chronic stromal inflammation, including vascularization. Deeper focal corneal stromal pigmentation without evidence of epithelial cutaneous metaplasia occurs infrequently, associated with previous iris prolapse that has contributed uveal melanin to the corneal stromal scar.

*Hemosiderin* will be found within corneal endothelial cells subsequent to anterior chamber hemorrhage or within stromal macrophages if there has been hemorrhage into the corneal stroma itself. Similar pigment may occur following implantation of corneal foreign bodies containing iron or other metals.

*Vascularization* is often present, but its pathogenesis is unknown. It appears that corneal vascularization can predispose to stromal lipidosis in animals with hyperlipemia, but it is also true that some animals with primary corneal lipidosis will develop secondary inflammation and vascularization.

**Mineral deposition** occurs primarily in the anterior stroma and the epithelial basement membrane. Predisposing corneal changes include desiccation, anesthesia, edema, or inflammation. *There are many methods for inducing deposition of calcium salts, but stromal edema seems to be the common denominator in almost all cases.* The edema may result from corneal epithelial desiccation (exposure keratitis), uveitis, corneal trauma, or chemical injury. Hypercalcemia from vitamin D toxicity or hyperparathyroidism exacerbates the mineralization and is essential to lesion development in some experimental models.

An unidentified corneal deposition is often seen in canine eyes suffering from multiple anomalies, particularly those involving uvea. Similar deposits are seen, with less regularity, in the horizontal mid-portion of the cornea of many normal puppies. Fine basophilic PAS-positive linear deposits are associated with the epithelial basement membrane or superficial stroma. There is some disarray of superficial stromal fibers but no inflammation. The nature and pathogenesis of the deposit are unknown, but most disappear after a few months.

### Corneal degeneration {#s0280}

*"Corneal degeneration" is a vague term sometimes used to describe those corneal lesions characterized by noninflammatory loss of epithelial or stromal viability.* Diseases such as keratoconjunctivitis sicca and pannus keratopathy are sometimes considered primary degenerative lesions, but their principal manifestation is inflammation, and they are discussed under the section [Keratitis](#s0305){ref-type="sec"}.

The only degenerative, noninflammatory, acquired corneal lesions presented here are corneal sequestrum in cats and horses, and canine persistent erosion syndrome. All 3 diseases probably have a similar pathogenesis, but for the moment, they will be listed as 3 different diseases because they continue to be listed as separate diseases in clinical textbooks.

**Feline corneal sequestrum** *is recognized clinically as a discrete orange-brown discoloration of the central cornea, affecting one or both eyes*. Persian and Himalayan cats are more frequently affected than other breeds. Histologically, *the lesion is noninflammatory necrosis of stromal keratocytes, accompanied by pallor, hyalinization, and slight orange discoloration of the affected stroma.* The discoloration may be absent in very early cases ([Fig. 5-30](#f0155){ref-type="fig"} ). The overlying epithelium may be ulcerated or intact, but in those cases with an intact epithelium, there is virtually always histologic evidence of previous ulceration. In older lesions, the periphery of the sequestrum may be marked by a zone of reactive mononuclear leukocytes and, perhaps, a few giant cells. The pigment is derived from porphyrins within the tear film, absorbed into the cornea as part of corneal edema that follows ulceration. *The sequestrum will eventually slough, and the defect heals by granulation* (although most lesions are treated by excision before that stage is reached).Figure 5-30**Feline corneal sequestrum** with the characteristic orange-brown discoloration of the dead stroma.

The pathogenesis remains controversial. In flat-faced Persian and Himalayan cats, the pathogenesis probably involves corneal ulceration secondary to desiccation because of facial configuration. In non-Persian cats, there is a loose statistical association with herpesviral infection, and *it is reasonable to propose that corneal sequestrum is an uncommon sequel to any corneal ulceration in cats.* As will become clearer later, the brown discoloration is unique to cats and, for a long time, caused us to overlook the histologic similarity between the feline disease and similar histologic entities in horses and dogs. Not all feline cases acquire the characteristic brown pigmentation, and indeed, some examples are virtually indistinguishable from canine and equine persistent ulcers described later.

**Canine persistent (recurrent) ulcer syndrome** was first described in Boxer dogs (hence the old name "*Boxer* ulcer*"*). Although Boxers and related breeds may be predisposed, similar persistent or recurrent erosions are encountered in a wide variety of breeds. The recently proposed name of *spontaneous chronic corneal epithelial defects* (SCCED) is unfortunate because the defect is not primarily epithelial, and in many cases, it is not spontaneous but secondary to anything causing superficial corneal ulceration.

*The clinical syndrome is distinctive, characterized by a shallow central corneal erosion with scant edema and (at least initially) no vascularization.* The lesion refuses to heal, or repeatedly re-ulcerates, because of poor adhesion of the epithelium to the underlying stroma. The defect appears not to be in epithelial healing per se, because sliding and mitotic activity are normal in affected dogs, and all of the adhesion molecules and growth factors seem to be present. Keratectomy specimens reveal poorly adherent hyperplastic epithelium at the ulcer margins, usually with multiple clefts separating epithelium from stroma even in areas distant from the obvious ulcer. The basal lamina is usually not visible with light microscopy, and the epithelium appears to be attempting to adhere to a thin zone of hypocellular, pale-staining stroma that could correctly be interpreted as a very shallow sequestrum qualitatively similar to what was described previously in cats ([Fig. 5-31A, B](#f0160){ref-type="fig"} ). *The observation of pyknotic and lytic keratocyte nuclei within this superficial zone suggests that the basic defect is degeneration of the superficial stroma,* so that epithelial hemidesmosomes and anchoring collagen fibrils attempting to reform after ulceration have no substrate in which to anchor. Very chronic cases usually acquire superficial stromal granulation tissue appropriate to any chronic ulceration, but its onset is much delayed in comparison to infectious or traumatic ulcers. The fact that epithelial adhesion and wound healing will be successful following the use of any technique that either removes the superficial sequestrum or punches multiple holes through it to allow deeper stromal granulation tissue to reach the wound healing surface strongly supports the notion that the barrier to wound healing lies in the presence of the devitalized stroma itself ([Fig. 5-31C](#f0160){ref-type="fig"}).Figure 5-31**Canine persistent ulcer. A.** Dysplastic, strongly regenerative epithelium is unable to adhere to the underlying superficial stroma. Note the superficial stromal acellularity indistinguishable from sequestrum. **B.** A clinically characteristic, non-adherent epithelial flap at the edge of a persistent ulcer. Note the very thin hypereosinophilic superficial stromal sequestrum. **C.** A "spot weld" of granulation tissue (arrow) penetrates the sequestrum as a result of successful surgical keratotomy. The epithelium can now adhere to a layer of granulation tissue on top of the sequestrum.

**Corneal sequestrum in horses** is less frequent and less well characterized than in dogs or cats. It is histologically identical to what occurs in dogs, although it seems often to be more complicated and disguised by superimposed fungal infection.

A unifying hypothesis for all 3 diseases is beginning to emerge. Studies of normal corneal wound healing have documented that degeneration of the most superficial stroma, detectable only with electron microscopy, is a normal response to corneal epithelial injury. It appears that these clinical syndromes of "persistent/recurrent ulceration" do not reflect ulceration of any specific pathogenesis, nor the persistence of the ulcerative stimulus. Instead, they seem to represent exaggeration and undue persistence of a normal superficial stromal degeneration that occurs with any superficial corneal injury. The persistence of this dead stroma prevents proper restitution of hemidesmosomal adhesion, but we still do not know why some superficial injuries trigger this excessive stromal degeneration.

Key PointsThe syndrome of persistent/recurrent ulceration and corneal sequestration in any species is not a specific disease with a specific etiology and pathogenesis. Such lesions more likely reflect an unexplained exaggeration or persistence of the normal superficial stromal degeneration that occurs as a prerequisite for wound healing following superficial corneal ulceration of virtually any pathogenesis.
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### Keratitis {#s0305}

*Corneal inflammation is called* **keratitis** *and has traditionally been divided into epithelial, stromal (interstitial), and ulcerative keratitis.* It is time to abandon this arbitrary classification, and it is probably time to re-evaluate the entire concept of keratitis as a primary disease. Because the cornea has no blood vessels or resident lymphocytes, it cannot really undergo inflammation. Almost all diseases listed in clinical textbooks as examples of keratitis are in fact diseases characterized initially by ulceration or by cutaneous metaplasia, and most of the changes clinically interpreted as inflammation would be better interpreted as essential parts of normal wound healing or adaptive metaplasia. The problem is that the clinical nomenclature of keratitis is so firmly entrenched that we risk having our histologic diagnoses become clinically irrelevant if we use terminology that strays too far from what is in the clinical textbooks.

**Keratoconjunctivitis sicca** is probably the most frequent example of the imprecision of clinical terminology, because this disease is not inflammatory. Corneal desiccation of any pathogenesis (from breed-related exophthalmos, from defective eyelid structure or function, from exophthalmos related to orbital masses, or from ocular enlargement secondary to glaucoma) is profoundly damaging to the cornea, but the specific terminology of keratoconjunctivitis sicca is ordinarily reserved for those examples of corneal desiccation resulting from defects in the quantity (and very rarely, in the quality) of the tear film. Keratoconjunctivitis sicca, as a specific disease entity, is encountered more commonly in **dogs** than in any other species, with an overall prevalence in North America of \~1%. Most cases are chronic, progressive, and idiopathic. The reason for greater than expected prevalence in certain breeds (English Bulldog, Lhasa Apso, Shih Tzu, West Highland White Terrier, and others) is unknown. Because the disease is amenable to medical or surgical management, few specimens are available for histologic examination until the very chronic stages. At this time, the lacrimal gland is atrophic with interstitial lymphoid infiltration and fibrosis, but provides no clue as to the initial lesion. The ability of certain immune modulators, notably cyclosporine, to reverse the disease points to some kind of immune-mediated phenomenon, perhaps autoimmunity causing a progressive destructive lymphocytic interstitial sialoadenitis.

*The corneal changes vary with the severity and rapidity of onset of lacrimal deficiency.* In acute disease with marked lacrimal deficiency, clinical signs of ulcerative keratitis may occur. The corneal epithelium is thinned, has numerous hydropically degenerate cells, and may suffer full-thickness ulceration. The accompanying stromal changes, including eventual vascularization and fibrosis, are those of ulcerative keratitis. More commonly in dogs, however, the desiccation is not absolute (at least initially), and the epithelial response is protective **cutaneous metaplasia** without prior ulceration. Keratinization, marked hyperplasia with rete ridge formation, and pigmentation are commonly seen. Stromal inflammation and vascularization are usually superficial, resulting in a lesion very similar to pannus keratitis. Squamous metaplasia may also occur in the bulbar conjunctiva. The conjunctivitis that clinically is the earliest lesion of keratoconjunctivitis sicca is rarely available for histologic examination.

The lesions following corneal desiccation from any other pathogenesis (in histology specimens, most commonly related to incomplete eyelid closure in dogs with ocular enlargement from glaucoma) resemble those of any other acute superficial ulceration, with the notable exception that the ulceration is not usually accompanied by edema or any substantial neutrophilic infiltration simply because there is no tear film to contribute the fluid or the neutrophils.

Most examples of **ulcerative keratitis** are more correctly thought of as corneal ulceration triggering purely secondary inflammation as part of normal wound healing or in response to purely opportunistic infection taking advantage of the loss of the epithelial barrier. The most common causes are desiccation or trauma, but there are a few very specific bacterial and viral pathogens that seem capable of colonizing and injuring even the normal cornea. *Regardless of cause, the loss of epithelium initiates a predictable series of corneal reactions caused by absorption of water and neutrophils from the tear film, local production of inflammatory mediators and cytokines, and opportunistic microbial contamination of the wound.* Imbibition of water causes superficial stromal edema below the ulcer and is followed by migration of neutrophils from the tear film and, later, from the limbus. The leukocytes, although somewhat protective against opportunistic pathogens, also add their collagenases, proteases, and stimulatory cytokines to the wound and thereby may inadvertently contribute to its progression. Epithelial and stromal repair proceeds as already described for corneal wound healing, but the repair fails in those cases in which microbial contamination is well established or in which the cause of the initial ulceration has not been corrected. Common examples of the latter are found in dogs in which corneal trauma by misdirected cilia or facial hair, or desiccation resulting from lacrimal gland dysfunction (keratoconjunctivitis sicca), persists.

*The usual role of bacteria and fungi in the pathogenesis of corneal ulceration is opportunistic.* However, these opportunists contribute significantly to the perpetuation and worsening of the lesion. Proteases and collagenases of microbial, leukocytic, or corneal origin progressively liquefy corneal stroma, a process termed **keratomalacia** ([Fig. 5-32](#f0165){ref-type="fig"} ). Ulcers contaminated by *Pseudomonas* and *Streptococcus* spp. are particularly prone to rapid liquefaction because of the potent collagenases and proteases produced by these organisms. *Pseudomonas* ulcers have been extensively investigated because of the devastating liquefaction of cornea that commonly accompanies this infection. The bacteria themselves produce numerous proteases and other toxins that may be important in the establishment of the early infection, but most of the characteristic stromal malacia results from the action of proteases originating from leukocytes, reactive corneal epithelium, or injured stroma. The stroma contains a variety of proenzymes (for collagenases, elastases, gelatinases, and other stromal lysins) that are cleaved by the *Pseudomonas* toxins to produce the active enzymes. Which toxins are produced, and in what quantities, is very strain dependent. The stepwise degradation of stroma is seen histologically as a featureless eosinophilic coagulum, which occurs with progressive septic ulcers regardless of the species of bacterium. Neutrophils may encircle the liquefying focus as a thick wall of live and fragmented cells. The resulting localized suppurative keratomalacia is called a *ring abscess*, although that terminology is rarely used today. It is seen more commonly in cattle than any other species, perhaps because of the prevalence of untreated, contaminated corneal ulcers in that species and the prevalence of septic corneal perforation.Figure 5-32**Keratomalacia** in a horse with secondary *Pseudomonas* keratitis.

The sequelae of ulcerative keratitis involve cornea, conjunctiva, and uvea. *The ulcer itself may heal with vascularization and scarring proportional to the severity of the initial lesion. It may persist as a stubborn but nonprogressive lesion, or it may progress to involve more of the stroma and epithelium.* Stromal liquefaction that reaches Descemet\'s membrane results in its forward bulging known as a **descemetocele.** Descemet\'s membrane, although resistant to penetration of the microbial agents themselves, is apparently permeable to inflammatory mediators and microbial toxins that diffuse into the anterior chamber. These chemicals, combined with a vasoactive sensory neural reflex from irritated cornea, are responsible for the anterior uveitis that accompanies virtually all cases of deep corneal ulceration.

In the case of corneal perforation, the iris flows forward to plug the defect *(iris prolapse)* and may subsequently become incorporated into the corneal scarring. This outcome creates an acquired **anterior staphyloma,** meaning a focal defect in the ocular fibrous tunic (i.e., cornea) that becomes lined by uvea ([Fig. 5-33A-C](#f0170){ref-type="fig"} ). The distinction from a firmly incorporated anterior synechia is just semantics.Figure 5-33**Corneal perforation. A.** Iris prolapse as a sequel to a melting corneal ulcer (suppurative keratomalacia) in a steer. **B.** Iris prolapse and dissecting choroidal hemorrhage following massive head trauma in a dog. **C.** Corneal scarring, ruptured Descemet\'s membrane, and anterior synechia as sequels to corneal perforation. PAS stain.

*The conjunctiva is involved in almost all instances of keratitis,* either as a victim of the same injury or as the nearest vascularized tissue capable of mounting an inflammatory response to the corneal injury. Hyperemia, cellular exudation, and lymphofollicular hyperplasia are common as the conjunctiva responds to the diffusion of inflammatory mediators of microbial, leukocytic, and tissue origin.

There are some instances in which the lesions are found primarily within the stroma. Examples of bacterial or fungal keratitis in which the organisms were implanted into the stroma by penetrating injury may cause chronic suppurative keratomalacia with negligible involvement of superficial stroma or epithelium. Alternatively, deep ulcerative septic keratitis may heal superficially, yet persist deep within the stroma. In either of these 2 situations, the deep lesion is referred to as *stromal abscess.*

*Midstromal corneal vascular ingrowth from the limbus* is a very common lesion in response to vascular endothelial growth factors elaborated in the course of chronic uveitis of virtually any cause. It appears to be a purely accidental lesion with no obvious purpose, but it does serve as a valuable and permanent histologic marker for previous or ongoing intraocular inflammatory disease. Its liability as a marker for subacute or chronic intraocular inflammation is probably not absolute, because similar midstromal vascularization can probably occur in response to growth factors liberated from detached retina or intraocular neoplasms (see [The significance of uveitis](#s0425){ref-type="sec"}).

Although most examples of clinically diagnosed keratitis are consequences of corneal injury by trauma or desiccation, there are a few specific examples of true keratitis initiated by niche-adapted infectious agents or presumed immune mechanisms. These are presented here.

#### Pannus keratitis {#s0310}

**Pannus keratitis (chronic superficial keratitis)** *is an idiopathic superficial stromal keratitis seen most frequently in German Shepherd dogs and phenotypically similar breeds.* Its prevalence and severity are directly correlated with altitude, suggesting that *sunlight exposure* is part of the pathogenesis. The clinical disease is distinctive. The early lesion is seen in dogs of either sex, usually in early middle age, as a vascularized opacity growing into the corneal stroma from the limbus. The ingrowth is bilateral although not always of simultaneous onset, and most frequently originates from the ventrolateral limbus. There is no ulceration, but pigmentation is often marked. The untreated lesion eventually infiltrates the entire cornea, converting the superficial stroma to an opaque membrane resembling granulation tissue. At one time, superficial keratectomy was the recommended therapy, and histologic specimens were quite often available. Today, most cases are treated with potent immunosuppressive therapy, and the need to perform a keratectomy to restore vision is rare indeed.

The histologic appearance varies with the duration of the lesion. *The initial lesion is superficial stromal infiltration of mononuclear cells, especially plasma cells.* Subsequently, there is progressive vascularization and fibroplasia in the superficial third of the stroma, accompanied by epithelial hyperplasia and pigmentation that may include the stroma. The deep stroma is never affected.

*The pathogenesis of the condition is unknown,* but an immune reaction to altered corneal epithelial antigens is hypothesized. Its response to aggressive corticosteroid or cyclosporine administration supports this hypothesis, as does its striking histologic similarity to discoid lupus and other lupoid dermatoses. Despite the similarity, immunofluorescence tests for intraepithelial or basement membrane immunoglobulin are negative, and there is no actual proof that this disease has an autoimmune pathogenesis, even though that is often stated in clinical literature. Infectious agents are not consistently isolated. A histologically similar lesion of the bulbar conjunctiva of third eyelid occurs in the same breed (so-called *"plasmoma")* and may reflect the same mysterious pathogenesis.

#### Herpetic keratitis of cats {#s0315}

Feline herpetic keratitis, caused by felid herpesvirus 1, is seen either as the sole ocular lesion or in concert with conjunctivitis. Clinical signs associated with herpesviral infections in cats include conjunctivitis, keratitis, rhinotracheitis, and, in neonates, systemic disease with encephalitis and necrosis in visceral organs. Acquired immunity alters the manifestations of the disease and results in different lesions predominating in different age groups. *Keratitis is most common in adult cats* and seems to result from activation of latent infection during concurrent immunosuppressive disease or corticosteroid therapy. Concurrent mild respiratory disease may be present, but *in adults, the disease is often purely corneal and may even be unilateral.* In contrast, *the infection in adolescent cats causes nonspecific bilateral erosive conjunctivitis without keratitis.* Intranuclear inclusions are numerous within cells prior to sloughing, and leukocytes are sparse until ulceration permits opportunistic contamination. Upper respiratory disease is almost always present.

The corneal lesions fall into 2 very different categories: *shallow transient erosions and ulcers* that represent the direct cytopathic effect of acute viral infection, and *more severe stromal keratitis* that is probably an immune response to viral antigen in persistent or recurring infections. The typical acute superficial corneal lesions are multifocal minute corneal erosions and ulcers that have a tendency to coalesce into branching dendritic ulcers. Early in the disease, typical herpesviral inclusions may be seen with histology, and herpesviral antigen can be demonstrated with immunofluorescence or other techniques. Severe or recurrent lesions in immunosuppressed cats may result in underlying stromal keratitis with lymphocytic infiltration, persistent edema, and vascularization.

There is much more written about the clinical features and clinical diagnosis of herpesviral keratitis than there it is about its pathology, simply because most cases are never subjected to histologic evaluation. By the time a sample of conjunctiva or cornea is taken for histologic assessment in cases that have been therapeutically resistant, histologic detection of inclusion bodies is futile, and immunofluorescence is usually negative. Virus can usually be detected with PCR, but interpretation of that result is almost impossible because of the high prevalence of carriage in asymptomatic, healthy cats. For the same reason, attempts to link persistent herpesviral infection with feline corneal sequestrum or feline eosinophilic keratitis have been less than convincing.

#### Feline eosinophilic keratitis {#s0320}

*Another uniquely feline ocular lesion, feline eosinophilic keratitis is seen clinically as unilateral or bilateral proliferative, "fluffy" white superficial stromal keratitis.* There is no breed, age, or sex predilection, and no proven association with other ocular or systemic disease. Because the diagnosis is made by cytologic evaluation of superficial scrapings or (occasionally) by histologic examination of surgical keratectomy specimens, this disease is more likely to be seen by pathologists than most other corneal disorders. Scrapings of the surface of the lesion reveal numerous eosinophils and fewer mast cells and other mononuclear leukocytes. Eosinophils may be less conspicuous on histologic examination of keratectomy specimens, perhaps because most seem determined to emigrate through the epithelium and into the tear film rather than remain within the tissue. Instead, the stromal lesion is a *mixture of macrophages, plasma cells, fibroblasts and, unpredictably, mast cells and at least a few eosinophils.* The latter are least frequent in older lesions, either because of time alone or because older lesions are more likely to have received a lot of corticosteroid therapy. A characteristic lesion, not present in every case, is a dense granular eosinophilic coagulum along the surface of the keratectomy specimen. It seems to consist of free eosinophil granules ([Fig. 5-34](#f0175){ref-type="fig"} ). No bacterial or fungal agents have been seen. Although there are histologic similarities to cutaneous eosinophilic ulcer and linear granuloma, no statistical association has been proven, and the lack of understanding even of the cutaneous eosinophilic lesions makes such attempted comparisons of very limited value. Although much speculation exists about the relationship between persistent herpesviral infection and eosinophilic keratitis, there is no proven etiologic link.Figure 5-34**Eosinophilic keratitis in a cat.** The corneal stroma is filled with a mixture of eosinophils and plasma cells, and is covered by a coagulum of eosinophil granules.

#### Mycotic keratitis {#s0325}

***Mycotic keratitis is a term used for 2 fundamentally different diseases.*** The first, which we will consider to be "true" mycotic keratitis, is a destructive, suppurative, ulcerative, and deep stromal keratitis most commonly seen in horses, but occasionally encountered in all domestic species. The offending fungus is usually a member of the normal conjunctival flora, and its role in the disease is always that of opportunistic contaminant. *Aspergillus* is the most frequent isolate, but cases caused by other common conjunctival fungi, such as *Alternaria, Penicillium,* and *Cladosporium,* are not rare. Most cases are probably iatrogenic, occurring in animals in which a corneal ulcer, laceration, or penetrating wound had been treated with long-term antibiotics and/or corticosteroids. The latter is a particularly common villain in this context. Horses seem particularly prone to mycotic keratitis, perhaps related to the mold-laden, dusty environment in which many horses are housed; only rarely does the lesion occur in dogs or cats. Because virtually all stabled horses have fungi as part of their conjunctival flora, seeing hyphae within the corneal stroma is required for the diagnosis. Isolation from a corneal swab or shallow scraping is not adequate.

Because the disease is much more prevalent in horses than any other species, most of the description is derived from equine cases. The histologic changes in other species, however, are very similar to what occurs in horses. There appears to be a difference in the typical lesion seen in temperate climates and what occurs in horses in very warm and humid environments. In the latter, there are cases in which the fungi are found throughout the cornea and are easily identified by even shallow scraping. That is not the case in those examples of the disease diagnosed in cooler climates, which I will consider the "typical" disease.

*The typical early lesion is deep ulcerative keratitis with suppurative keratomalacia.* Some chronic lesions are exclusively stromal because of successful epithelial and superficial stromal healing of the initial penetration (or perhaps because therapy eliminated the infection in the superficial stroma). For whatever reason, the typical equine eye enucleated for mycotic keratitis has an intense neutrophil-rich deep stromal keratitis with several characteristic features: neutrophils are karyorrhectic, inflammation is most intense immediately adjacent to Descemet\'s membrane, and frequently there is lysis of the normally resistant Descemet\'s membrane with spillage of the corneal inflammation into the anterior chamber. *Fungi are numerous within the malacia of the deep stroma and within Descemet\'s membrane itself,* but rarely, if ever, are seen within the anterior chamber ([Fig. 5-35A, B](#f0180){ref-type="fig"} ). When they occur within the anterior chamber, they are always anchored to the nearby Descemet\'s membrane. Despite ample opportunity, there has never been a reported case of disseminated intraocular mycosis as a sequel to mycotic keratitis. Fungi are sparse or absent within the superficial half of the stroma, which explains why corneal scrapings or even keratectomy specimens may fail to reveal the agent. The reason for the apparent targeting of Descemet\'s membrane is not known, but the presence of the tropism even in untreated eyes suggests that it is a genuine tropism and not just persistence of a previously generalized stromal infection in the site least likely to be reached by topical fungicides.Figure 5-35**Equine mycotic keratitis. A.** The fungi typically are found within and adjacent to Descemet\'s membrane, accompanied by karyorrhectic neutrophils and stromal malacia. **B.** The fungi permeate Descemet\'s membrane and dangle within the anterior chamber, but never actually colonize the inside of the globe.

In horses in tropical and near-tropical climates (many reports come, e.g., from Florida), the fungi are more diffusely distributed within the cornea and are thus more easily captured by routine cytology or culture swabs. Although the distribution of the lesion within the cornea is also more diffuse, its fundamental lytic character remains the same.

The other disease that is also given the name "*mycotic keratitis*" is a very different entity in which *corneal sequestra in dogs, cats, or horses have become contaminated with opportunistic fungi*. In sharp contrast to genuine mycotic keratitis described previously, *there is no inflammatory reaction.* The fungi are easily found on scraping, leading to the mistaken impression that this is true mycotic keratitis.

Key PointsMost claims that any specific infectious agent is a cause for corneal disease are not proven. In almost all cases, the infectious agent is purely opportunistic, even though it may make a very significant contribution to disease progression, as in mycotic keratitis, or postulcerative corneal infections with *Pseudomonas* or *Streptococcus*.

#### Infectious bovine keratoconjunctivitis {#s0330}

*Infectious bovine keratoconjunctivitis ("pinkeye") vies with squamous cell carcinoma as the most important disease of the bovine eye.* It occurs worldwide, is most prevalent in summer because of the increase in fly vectors, and has a clinical expression that ranges from initial conjunctivitis and ulcerative keratitis to iris prolapse, glaucoma, and phthisis bulbi. The prevalence of severe sequelae reflects inadequate management of the disease rather than any special virulence of this agent as compared to other infectious causes of keratitis in other species.

The disease behaves as an infectious epizootic within a susceptible population, frequently affecting \>50% of the cattle at risk within 2 weeks of the initial clinical case. Shedding of virulent organisms by a carrier animal is thought to be the usual route of introduction into a previously unexposed group, although a role for various mechanical or biological vectors is also assumed.

***Moraxella bovis*** has been confirmed as the most important causative agent, and the only one for which Koch\'s postulates have been fulfilled. Concurrent infection with other agents, such as *Mycoplasma bovoculi, Mycoplasma conjunctivae, Acholeplasma laidlawii,* and bovine herpesvirus, may contribute to lesion severity. Earlier skepticism about the virulence of *M. bovis,* based upon the unreliability of reproduction of the disease, isolation of the organism from apparently healthy cattle, and failure of isolation from some overtly affected cattle, has been overcome by detailed information on the pathogenesis of the disease. *It is now clear that virulence of M. bovis is associated with hemolytic, leukocytolytic, piliated strains that predominate only in the eyes of affected cattle.* Pathogenic isolates of *M. bovis* express a calcium-dependent transmembrane pore-forming cytotoxin. Nonpiliated, nonhemolytic strains predominate in healthy cattle and are probably part of the normal conjunctival flora. The use of immunofluorescence has demonstrated *M. bovis* in many of the naturally occurring cases for which the results of culture were negative. In naturally occurring outbreaks, the number of isolations of hemolytic *M. bovis* falls to almost zero as the outbreak wanes, but a few chronically affected carriers remain as the most important source of virulent bacteria for outbreaks of disease in the next summer.

In addition to variation in the virulence of different strains of *M. bovis,* sunlight, dust, and, perhaps, concurrent infection with infectious bovine rhinotracheitis virus (bovine herpesvirus 1) increase the severity of the disease. Calves are usually affected more severely than cattle \>2 years of age, although absolute resistance to infection seems fragile. The protective effect of serum antibody against the disease is controversial. Specific immunoglobulin A (IgA) is found in tears of infected calves, and there is substantial evidence that locally produced IgA is strongly protective.

Following experimental inoculation of virulent *M. bovis* onto the cornea, pilus-mediated adhesion and production of bacterial cytotoxin result in microscopic ulceration in as little as 12 hours. Initial adhesion is to older surface epithelium ("dark cells") and results in the development of microscopic pits in the cell surface. *Moraxella* is found within degenerate epithelial cells, but it is not known whether invasion is necessary for subsequent cellular destruction. *In field epizootics, the earliest lesion is bulbar conjunctival edema and hyperemia, followed in 24-48 hours by the appearance of a shallow central corneal ulcer.* The ulcer is a small (\<0.5 cm) focus of epithelial necrosis that may appear as erosion, vesicle, or full-thickness epithelial loss. In untreated animals destined to develop the full clinical expression, the ulcer enlarges, deepens, and frequently attracts enough neutrophils to qualify as a *corneal abscess.* Stromal liquefaction ensues, probably as a result of neutrophil lysis, which is itself initiated by *Moraxella*-derived leukotoxins. By the end of the first week, there is extensive stromal edema and vascularization extending from the limbus. As with any severe ulcerative keratitis, the subsequent progression or regression of the lesion varies with each case as modifications by therapy, opportunistic bacterial and fungal contamination, trauma, inflammation, and immunity interact. Keratomalacia frequently leads to forward coning of the weakened cornea *(keratoconus).* In most instances, whether treated or not, the cornea heals by sloughing of necrotic tissue and filling of the defect by granulation tissue. Re-epithelialization may take up to a month, leaving a cornea that is slightly coned and variably scarred. The scarring often is scant and interferes little with vision in spite of the severity of the primary lesion.

Less satisfactory sequelae, although not common in relation to the overall disease prevalence, are still relatively common. Sterile anterior uveal inflammation may result in focal or generalized adherence of iris to cornea (anterior synechia) or lens (posterior synechia). Descemetocele may progress to corneal rupture, which in turn may lead to phthisis bulbi or resolve by sealing with prolapse of the iris. Synechia and staphyloma may lead to impairment of aqueous drainage and thus to glaucoma.

#### Infectious keratoconjunctivitis (contagious ophthalmia, pinkeye) of sheep and goats {#s0335}

Epizootics of conjunctivitis and keratitis in sheep and goats share many of the features of the bovine disease: summer prevalence, rapid spread, and exacerbation by dust, sunlight, and flies. Feedlot lambs seem particularly susceptible. Unlike bovine keratoconjunctivitis, the range of clinical signs and proposed causes suggests that there may in fact be several different diseases. Many agents including bacteria, mycoplasmas, chlamydiae, and rickettsiae have been suggested as causes, but various mycoplasmas and *Chlamydophila psittaci* may be the most important agents. The lesions caused by *Mycoplasma mycoides* var. *capri* in goats and *Mycoplasma conjunctivae* var. *ovis* in sheep are similar but usually milder than those caused by *Moraxella bovis* in cattle. This is particularly true of goats, in which deep corneal ulceration is uncommon.

Keratoconjunctivitis associated with *C. psittaci* is usually predominantly conjunctivitis. Initial chemosis and reddening are followed by massive lymphofollicular hyperplasia in bulbar conjunctiva and nictitating membrane. Keratitis may occur, but ulceration is seldom prominent. Animals with conjunctivitis may have concurrent polyarthritis from which chlamydiae can be isolated.
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Lens {#s0355}
----

The lens is a flattened sphere of epithelial cells suspended in the pupillary aperture by a large number of transparent elastin-like fibers known as *lens zonules.* These originate from the lens capsule near the equator, and fuse with the nonpigmented ciliary epithelium along the lateral surfaces of the ciliary processes or in the valleys between adjacent ciliary processes. *The range of histologic reaction of lens to injury is very limited because of the simplicity of its structure and physiology, and its lack of vascularity.*

The lens is entirely epithelial. Outermost is a *thick, elastic capsule,* which is the basement membrane produced by the underlying germinal epithelial cells. The capsule is thickest at the anterior pole and becomes progressively thinner over the posterior half of the lens. The capsule in the neonate is thin, but it thickens progressively throughout life.

Below the capsule is a layer of simple cuboidal *lens epithelium* that, in all but fetal globes, is found below the capsule of only the anterior half of the lens. The apex of these cells faces inward toward the lens nucleus. At the equator, these germinal cells extend into the lens cortex as the *nuclear bow,* an arc of cells being progressively transformed from cuboidal germinal epithelium to the elongated spindle shape of the mature *lens fibers*. The bulk of the lens is composed of onion-like layers of elongated epithelial cells anchored to each other by interlocking surface ridges, grooves, and ball-and-socket protuberances. These elongated fibers contain no nucleus and few cytoplasmic organelles, relying almost entirely on anaerobic glycolysis for energy. Because the lens cannot shed aging fibers as does skin or intestine, these cells are compacted into *the oldest central part of the lens, the nucleus*. The continuous accumulation of these old desiccated fibers with altered crystalline protein results in the common but visually insignificant *aging change of nuclear sclerosis.*

Although in many ways similar to cornea in structure and function, the optical clarity of lens rests not with the regularity of its fibers but in its high percentage of cytoplasmic soluble crystalline protein and paucity of light-scattering nuclei or mitochondria. The lens is \~35% protein, the highest of any tissue, and \>90% is of the soluble crystalline variety. Insoluble high-molecular-weight protein (albuminoid) is found in the nucleus and cell membranes. Opacity of lens is associated, at least in some cases, with decreasing concentrations of crystalline and increasing albuminoid protein, the latter insoluble in water and optically opaque. *Many of the insults that result in degeneration of lens ultimately interfere with its nutrition.* Because it is avascular in the postnatal animal, *the lens relies entirely upon the aqueous for the delivery of nutrients and removal of metabolic wastes.* Glaucoma, ocular inflammation, metabolic disorders, and various toxins share the common feature of altering the amount or quality of lenticular nutrition by altering the flow or composition of the aqueous humor.

### Ectopia lentis {#s0360}

*The only lenticular defects of importance in domestic animals are those affecting location, configuration, and clarity.* Those affecting configuration are usually developmental defects and are discussed earlier. **Dislocations of the lens** may be congenital or acquired, and the latter include spontaneous dislocations and those secondary to trauma and glaucoma. *Apparently spontaneous dislocations* are encountered most frequently in middle-aged (3-8 years) terrier dogs in which an inherited predisposition to bilateral zonular rupture exists. Particularly in various terrier breeds, there is a widespread inherited mutation in the *ADAMST17* gene, which codes for a metalloproteinase that is important in the remodeling of various structural matrix proteins, including those involved in the formation and maintenance of lens zonules. The pathogenesis of the defect has been best studied in the Tibetan Terrier, in which the zonules develop in a dysplastic, reticulate fashion that precedes luxation by several years. *Traumatic dislocation* is usually via blunt trauma, notably automobile accidents. The dislocation may be partial *(subluxation)* or complete *(luxation),* and in the latter instance, the free lens may damage corneal endothelium or vitreous, causing edema and liquefaction, respectively. Such lenses may be surgically removed but seldom receive histologic examination. Anterior luxation frequently results in glaucoma, perhaps caused by anterior prolapse of the vitreous into the pupil. Lens luxation is inexplicably uncommon in cats. It is seen in middle-aged cats as unilateral and usually anterior luxation. One-third of cases occur in eyes with no other observed lesion; the remainder occur in eyes with pre-existent uveitis or glaucoma, or a history of trauma.
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### Cataract {#s0385}

*Cataract is the most common and most important disorder of the lens. Cataract means lenticular opacity,* and is usually prefixed by adjectives relating to location, maturity, extent, suspected cause, and ophthalmoscopic appearance. Of these adjectives, only those of location and, to some extent, maturity are useful in histologic description. *The simple structure of the lens results in a stereotyped reaction to injury that provides few clues to pathogenesis.* Unless permitted by invasion through a capsular tear, inflammation cannot occur within the avascular and totally epithelial lens.

The main challenge facing the pathologist looking at a histologic section of lens is whether any of the microscopic changes are genuine or not. The lens is difficult to section, and artifacts such as fiber disruption and capsular tearing are almost unavoidable. *Histologic changes that distinguish genuine cataract from fixation or sectioning artifact are (in order of overall utility): detection of Morgagnian globules, bladder cells, lens epithelial hyperplasia, posterior migration of lens epithelium, and mineralization* ([Fig. 5-36A, B](#f0185){ref-type="fig"} ).Figure 5-36C**ataract. A.** Liquefaction of cortical lens fibers, Morgagnian globules (wide arrow), reactive hyperplasia of capsular epithelium, and nucleated bladder cells (thin arrows). **B.** Plaque of reactive hyperplasia and fibrous metaplasia of the anterior lens capsule with underlying bladder cells creating an anterior polar cataract.

**Morgagnian globules** *are bright pink spherical globules of denatured lens protein*. They are distinguished from artifactual fragmentation of lens fibers because the latter form jagged rectangular fragments, not spheres. With more advanced liquefactive change, fluid lakes appear between fibers, presumably the result of complete liquefaction of fibers. Some of the clefts are probably the result of osmotic fluid imbibition by the cataractous lens. The osmosis results from protein denaturation into more numerous, smaller peptides and from degeneration of the capsular epithelium in which resides the Na^+^-K^+^--dependent ATPase osmotic pump critical to normal lens hydration.

In advanced cataracts, the degenerate fibers may liquefy to the extent that their low-molecular-weight end products diffuse through the semipermeable capsule, resulting in the spontaneous clearing of the opaque lens typical of the *hypermature cataract.* Histologically, such lenses consist of a dense, eccentric residual nucleus in a lake of proteinaceous fluid surrounded by a wrinkled capsule. The adjacent uvea will usually have a moderately severe lymphocytic-plasmacytic infiltration in response to unidentified inflammatory mediators present in that leaking lens fluid. The lesion/process is known as *phacolytic uveitis* (see later).

**Bladder cells** are claimed to reflect abortive efforts at new fiber formation by lens epithelium. Such efforts are apparently never successful, and the hydropic degeneration of such cells results in the formation of *large foamy nucleated cells called bladder cells,* because of their bloated, fusiform shape.

**Epithelial hyperplasia** or **fibroblastic metaplasia** is the usual histologic counterpart of anterior subcapsular cataract, and is usually seen following focal trauma, or adherence of the iris or of persistent pupillary membranes to the anterior surface of the lens. *Initial epithelial degeneration or necrosis is followed by hyperplasia and sometimes by fibrous metaplasia*. The resultant *epithelial plaque* lies just under the anterior lens capsule. The innermost epithelial layer may remain basilar in type rather than fibroblastic. Each epithelial layer, even if metaplastic, secretes a new basement membrane that separates each layer from the adjacent layers. This characteristic feature is best seen with PAS stains. The end result is a focal plaque formed by multiple, sandwiched layers of flattened epithelium and basement membrane at the anterior pole of the lens. Remnants of adherent iris or pupillary membrane, including pigment, may complicate the histologic appearance.

*Posterior migration of lens epithelium is a common change in chronic cataracts.* Although it seems to occur more slowly than the changes of Morgagnian globule or bladder cell formation, it is equally reliable (when present) as a histologic indicator of cataract formation. The flattened cuboidal epithelial cells migrate from the equator to line the posterior capsule. Usually, they will also undergo stratification and sometimes fibroblast-like metaplasia. This re-establishment of the fetal morphology is seen most commonly with any chronic cataract in young animals, whose epithelial cells perhaps retain greater migratory ability. Adjacent cortical fibers are usually degenerate (Morgagnian globules, bladder cells, and clefts of granular proteinaceous fluid).

**Deposition of calcium salts** occurs quite frequently within cataracts of any type, and provides no clue as to pathogenesis.

*The sequence of histologic change in cataract is the same regardless of cause,* and thus diagnosis of cause can be made only in light of patient data or concurrent disease. In dogs, for example, familial cataracts may be congenital or of later onset. Specific examples may typically occur alone or with other ocular lesions, and occur at an age, in a location, and with a progression sufficiently characteristic to allow presumptive diagnosis of a breed-specific syndrome. Cataract also occurs secondary to glaucoma, endophthalmitis, ocular trauma, and anterior segment anomalies, and observation of these latter defects permits presumptive diagnosis of the pathogenesis of the accompanying cataract.

*Cataract may result from exposure of the lens to a wide variety of physical and chemical insults, such as solar or other irradiation, cold, increased intraocular pressure, toxins, nutritional excesses and deficiencies, nearby inflammation, and direct trauma.* The list of potential cataractogenic chemical toxins grows daily and includes food additives, chemotherapeutic agents, and byproducts of ocular inflammation. The pathogenesis of the cataract is not determined for more than a few such insults, but a common denominator seems to be the ability to upset the precarious balance between substrate supply and enzymic activity within the almost exclusively anaerobic lens. This imbalance results in degeneration of fibers, accumulation of nonmetabolized substrate, or production of abnormal metabolites. The latter 2 classes of products may be cytotoxic or osmotically active, thus drawing water into the critically dehydrated lens and causing opacity.

Most cataracts in people and animals are not identified as being caused by a single insult, but are assumed to represent the result of years of accumulated and perhaps synergistic cataractogenic activity of environmental, dietary, and inborn insults. *The majority of cataracts seen in veterinary practice fall into 1 of 3 categories: inherited, postinflammatory, and idiopathic.* In reality, the large group of inherited cataracts in dogs is of unknown pathogenesis, although extrapolation from knowledge of similar cataracts in rodents and man suggests that inborn errors of lenticular metabolism are at fault. Postinflammatory cataracts result from injury to lenticular epithelium by adjacent inflammation, interference with aqueous production, composition and flow, and accumulation of toxic bacterial, leukocytic, and plasma byproducts in the lenticular environment. Adherence of iris to lens (posterior synechia) inevitably causes a focal subcapsular cataract.

Other than these broad categories, there are a few naturally occurring examples of cataract about which there is some understanding.

**Diabetic cataract** develops in \~70% of spontaneously diabetic dogs, but is rare in diabetic cats. The opacity is bilateral and begins in the cortex at the equator. Progression to complete cortical opacity usually occurs within a few weeks. The pathogenesis of the cataract has traditionally been ascribed to the excessively high level of glucose within the aqueous. Glucose is normally the major energy source for lens fibers, with most of it used to fuel the Embden-Meyerhof pathway of anaerobic glycolysis. When the rate-limiting enzyme of this pathway, hexokinase, is saturated with glucose, the backup of glucose is shunted to alternative metabolic pathways. Chief among these is the *sorbitol pathway,* activated in the rabbit lens by glucose concentrations of \>5 mmol/L (\>90 mg/dL). In this pathway, the excess glucose is converted by an aldose reductase to the polyalcohol, sorbitol, which is then slowly reduced to a D-fructose, a ketohexose. Because this second reaction is much slower than the first, *sorbitol may accumulate to very high concentrations within the lens and osmotically attracts water even to the point of hydropic cell rupture.* Under experimental conditions at least, the early cataract may be reversed if aqueous sugar levels are reduced to normal, but the later cataract is irreversible.

However, osmotic events alone are not enough to explain all of the structural and metabolic changes in sugar-induced cataracts. The efficacy of antioxidants in ameliorating such cataracts, the nature of intralenticular biochemical alterations, and detection of increased intralenticular oxidants all point to some kind of oxidative damage as an additional promoter of cataract.

**Galactose-induced cataracts** probably have the same complex and incompletely understood pathogenesis as the diabetic cataract and are seen in orphaned kangaroos and wallabies raised on cow\'s milk, as well as in a host of experimental models. Because marsupial milk is much lower in lactose than bovine milk, the enzymically ill-equipped neonate develops osmotic diarrhea from undigested lactose and galactose in the intestine, and some excess galactose enters the aqueous humor. The lens, deficient in the enzymes needed to use the galactose by converting it to glucose-6-phosphate for anaerobic glycolysis, shunts the galactose via aldose reductase to its polyalcohol, *dulcitol,* which acts osmotically, as does sorbitol, to disrupt lens fibers.

Cataract reported in puppies and wolf cubs fed commercial milk replacer, or in kittens on feline milk replacer, has been attributed to *deficiency of arginine,* although in several case reports, the specific dietary error was not identified. Cataract caused by **dietary deficiency** of any of several sulfur-containing amino acids, zinc, or vitamin C occurs in farmed fish, and many models of nutritional cataract exist in various laboratory animals.

Various forms of **irradiation** cause cataract. The lens absorbs most of the ultraviolet (UV) and short-wavelength visible blue light that would otherwise damage the retina. At least in people, the chronic exposure to such irradiation is thought to be important in the pathogenesis of senile cataract. **Sunlight-induced cataract** has been described several times in farmed fish, but not yet for other domestic animals as a naturally occurring phenomenon. Absorption of UV or near-UV wavelengths by lens epithelium nucleic acids or lenticular aromatic amino acids results in photochemical generation of free radicals and peroxidative damage to numerous structural components of the lens.

A similar pathogenesis probably explains the development of cataract in animals irradiated as part of cancer therapy. In one study, 28% of dogs receiving **megavoltage X-radiation** for nasal carcinoma developed *diffuse cortical cataract* within 12 months of irradiation. In people, the risk of cataract is dose related, and reaches virtual certainty with dosages of 800-1,500 centigrays (cGy) or rads, whereas rodents require at least twice that dosage. The dogs in the study cited previously received 3,680-5,000 cGy. Antioxidants such as vitamin E or C, or hypoxia, are significantly protective against several models of light or other irradiation-induced cataract, providing further support for the common denominator of oxidative stress in the pathogenesis of such cataracts.

The aminoglycoside antibiotic and anthelmintic **hygromycin B** has been shown to induce *posterior cortical and subcapsular cataracts* in sows, but not boars, fed the drug continuously for 10-14 months. The effect is dose dependent and perhaps even cumulative. Pigs fed the same therapeutic daily dose, but consuming the drug on an 8-week-on/8-week-off basis in accordance with the manufacturer\'s recommendations, do not develop cataracts. The pathogenesis of the cataract is unknown, but a partial inhibition of hygromycin-induced cataracts in vitro by addition of vitamin E suggests that peroxidative damage to lens fiber membranes may be important. *Deafness* in pigs, and also dogs, caused by hygromycin B is discussed in the section [Ear](#s1025){ref-type="sec"}.

**Traumatic lens rupture** results in a spectrum of change much different from the changes of cataract described previously. First, massive release of more or less native lens protein at the time of rupture may cause severe perilenticular nonsuppurative endophthalmitis \~10 days after the initial trauma (see [Lens-induced uveitis](#s0560){ref-type="sec"} **).** Second, the capsular rent permits leukocytes to enter the lens to speed the dissolution of lens fibers. Fibroblastic metaplasia of lens epithelium may result in cartilage or even bone within the lens. *Even after total destruction of the lens fibers, the durable capsule will be found somewhere in the anterior or posterior chamber as a curled eosinophilic mass,* often encapsulated in fibrous tissue probably derived from surviving lens epithelium or from injured ciliary epithelium. Such remnants distinguish lenticular rupture with subsequent dissolution from true developmental aphakia.

*Cataract surgery is nothing more than planned traumatic lens rupture,* and it is therefore not surprising that we sometimes encounter the same sequence of events as seen with accidental rupture. The main difference is that, with cataract surgery, the lens is already degenerate, and the material that may be released following surgical incision of the capsule is not capable of inducing the same magnitude of inflammatory and proliferative reaction. Nonetheless, *complications of cataract surgery and prosthetic lens implantation are quite common in dogs,* the only species in which the surgery is performed on a regular basis. In most instances, the lens capsule remains within the globe, and the degenerate lens material is removed by aspiration. The artificial lens is then implanted within the pre-existent capsular "bag." Any lens epithelium left behind after removal of most of the cataractous lens forms the nidus for potential regrowth of lens fibers, usually at the periphery of the lens capsular bag. This forms a circumferential ring of new (but inevitably cataractous) lens fibers known as a *Soemmering ring cataract* ([Fig. 5-37](#f0190){ref-type="fig"} ). This postoperative proliferation may also use the implanted prosthetic lens (or, in its absence, the lens capsular bag) as the growth substrate, not only causing postoperative opacity but also posing the threat of causing glaucoma via pupillary occlusion or peripheral anterior synechia in a fashion very similar to that commonly seen with pre-iridal fibrovascular membranes. Some degree of postoperative epithelial/fibroblastic proliferation is normal in all such eyes, but the amount can be minimized by religious "vacuuming" of the inner surface of the lens capsule to remove all possible germinal epithelium.Figure 5-37**Soemmering ring cataract** created by circumferential regrowth and maturation of residual lens epithelium following previous cataract surgery or, occasionally, naturally occurring lens rupture.

Adhesion of pigmented or nonpigmented cellular material to the anterior lens capsule is a valuable histologic clue. *Pigmented epithelium adherent to the lens capsule is a reliable marker for previous posterior synechia,* even if this synechia has been reversed by surgical or pharmacologic intervention or has been accidentally broken during trimming of the globe. Similarly, fibrous or fibrovascular membranes along the anterior lens capsule most often are derived from previous posterior synechia (but they can represent complications of phacoclastic uveitis, pre-iridal fibrovascular membrane, or persistent pupillary membrane). They are significant causes for pupillary obstruction and secondary glaucoma.
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Uvea {#s0410}
----

*The uvea is the vascular tunic of the eye.* It is derived from the primitive neural crest mesenchyme surrounding the primary optic cup (only the vascular endothelium is mesodermal). Its posterior differentiation into *choroid* is guided by the developing retinal pigment epithelium (RPE), but its differentiation anteriorly into *iris and ciliary body* is probably orchestrated mostly by lens. The presumptive anterior uveal mesenchyme accompanies the infolding of the neuroectoderm at the anterior lip of the optic cup to form the stroma of the iris and ciliary processes. That portion of anterior periorbital mesenchyme not accompanying these neuroectodermal ingrowths remains to form the ciliary muscle and trabecular meshwork. Posteriorly, it forms the choroid and sclera. In all domestic mammals except the pig, the choroid undergoes further differentiation to produce the *tapetum lucidum* dorsal to the optic disc. Defects in development of the RPE (including its cranial specialization as iridal and ciliary epithelium) inevitably result in defective induction or differentiation of the adjacent uvea.

*The mature uvea includes iris, ciliary body, and choroid, the last divided into vascular portion and tapetum lucidum.* The filtration angle is shared by the iris, ciliary body, and sclera. Its diseases are discussed in the section [Glaucoma](#s0580){ref-type="sec"}.

The **iris** is the most anterior portion of the uveal tract. It is a muscular diaphragm separating anterior from posterior chamber, forming the pupil and resting against the anterior face of the lens. The bulk of the iris is stroma of mesenchymal origin, with melanocytes, fibroblasts, and endothelial cells its major constituents. There is neither epithelium nor basement membrane along its anterior face, but rather a single layer of tightly compacted fibrocytes and melanocytes. *The iris stroma is thus in free communication with the aqueous,* a fact of great importance when we consider the secretion or absorption of inflammatory mediators and growth factors in the anterior half of the globe.

The posterior surface of the iris is formed by the double layer of neuroectoderm from the anterior infolding of the optic cup. The 2 layers are heavily pigmented and are apposed apex to apex, with the basal aspect of the posterior epithelium facing the posterior chamber, and separated from it by a basement membrane. The basilar portion of the anterior epithelium, in contrast, is differentiated to form the smooth muscle fibers of the *dilator muscle* of the iris. These fibers lie along the posterior aspect of the iris stroma immediately adjacent to the epithelium. The *constrictor muscle* is found deeper within iris stroma but only in the pupillary third to quarter of the iris. The iris epithelium is rather loosely adherent between layers and between adjacent cells of the same layer, so that *cystic separation* occurs quite commonly. Numerous spaces reminiscent of bile canaliculi lie between adjacent cells and communicate freely with the aqueous humor of the posterior chamber ([Fig. 5-38](#f0195){ref-type="fig"} ).Figure 5-38**Normal feline iris.** There is prominent normal pigmentation along the anterior border layer, but no tight junctions to prevent free exchange of mediators between iris stroma and aqueous humor. The normal iris contains no leukocytes.

The **ciliary body** extends from the posterior iris root to the origin of the neurosensory retina. Like iris, it consists of an inner double layer of neuroepithelium and an outer mesenchymal stroma. The epithelial cells are oriented apex to apex and are separated from the posterior chamber and vitreous by a basal lamina. Only the outer epithelial layer is pigmented. The ciliary body is divided into an anterior *pars plicata* and a posterior *pars plana,* the latter blending with retina at the *ora ciliaris retinae*. The pars plicata consists of a circumferential ring of villus-like epithelial ingrowths supported by a fibrovascular core, called *ciliary processes.* External to the ciliary processes, the mesenchyme forms a ring of smooth muscle, the *ciliary muscle,* responsible for putting traction on the lens zonules and effecting the changes in lens shape necessary for visual accommodation in mammals (other vertebrates may use different and remarkably effective mechanisms). The muscle in domestic animals, particularly ungulates, is poorly developed, and accommodation is thought to be minimal in these species. The lens zonules anchor in the basal lamina of the nonpigmented ciliary epithelium, particularly of the pars plana and within the crypts between ciliary processes. The precise location of this anchoring is highly variable among species.

The **choroid** is the posterior continuation of the stroma of the ciliary body. The posterior continuations of the inner and outer layers of ciliary epithelium are retina and RPE, respectively, with the transition made rather abruptly at the ora ciliaris retinae. *The choroid consists almost entirely of blood vessels and melanocytes,* except for the postnatal metaplasia to tapetum dorsal to the optic disc. The choroid is thinnest peripherally, thickest at the posterior pole, blends indistinctly with sclera externally and is separated from the RPE internally by a complex basal lamina called *Bruch\'s membrane.*

Many portions of the uveal tract in carnivores continue to develop for at least several weeks after birth, and many of the uveal anomalies, such as goniodysgenesis or choroidal hypoplasia, probably represent developmental errors in postnatal remodeling and maturation, rather than being truly "congenital."

The **general pathology of uvea** *includes anomalous or incomplete differentiation, degeneration, inflammation, and neoplasia.* Anomalies have been previously discussed, and uveal neoplasms are considered in the section on [Ocular neoplasia](#s0830){ref-type="sec"}.

**Uveal degenerations,** except as a sequel to uveitis, are poorly documented. *Idiopathic atrophy of the iris* is described in Shropshire sheep as a bilateral defect obvious by 1-2 years of age. About 25% of the iris is converted to full- or partial-thickness holes; those of partial thickness are spanned by a posterior bridge of iris epithelium. The eye is otherwise normal except for rudimentary corpora nigra. The pathogenesis of the apparently spontaneous atrophy is unknown. Similar atrophy is extremely common in *old dogs,* particularly those of smaller breeds (Poodles, Chihuahuas, Miniature Schnauzers). It is also seen in *old cats,* although much less frequently than in dogs. In both species, the pathogenesis is unknown, and there are no published descriptions of the microscopic lesions.

**Uveal cysts** probably form as the result of fluid accumulation between the 2 layers of the posterior iris or ciliary epithelium. Such cyst formation is *common in old dogs* and less common in old cats. These cysts may be seen clinically as one or more translucent black cysts attached to the posterior iris or freely floating in the aqueous. Whether the cysts are truly degenerative, or represent residual lesions of fluid exudation from an undetected anterior uveitis, is unknown. Cyst formation as a sequel to uveitis is predisposed by the intrinsic anatomy of the iridociliary epithelium. The 2 layers are apposed, apex to apex, as a manifestation of the involution of the optic vesicle to form the optic cup. It is exactly the same anatomic relationship as between the retina and the RPE, where there are also no actual adhesions. In the event of inflammatory serous effusion, the fluid easily leaves the anterior uveal blood vessels, but the tight junctions between the cells forming the inner layer of the iridociliary epithelium initially may prevent fluid exudation into the aqueous humor. The subepithelial buildup of that fluid results in cystic separation of the inner and outer layers of the iridociliary epithelium ([Fig. 5-39A, B](#f0200){ref-type="fig"} ).Figure 5-39**Iris cysts in a dog. A.** These pigmented, translucent cysts can be confused with uveal melanocytomas. **B.** These cysts most commonly result from serous exudate from an inflamed iris accumulating between the inner and outer layers of the iridociliary epithelium. Tight junctions between adjacent epithelial cells prevent its diffusion into the posterior chamber.

A breed-specific syndrome of *iris cyst formation associated with the development of glaucoma* has been reported in Golden Retrievers and Irish Wolfhounds. In the Retrievers, there is concurrent lymphocytic anterior uveitis, although that uveitis is often barely perceptible when the globe is finally submitted for histologic examination. Whether the subtlety of the inflammation is genuine or just a result of aggressive anti-inflammatory therapy prior to enucleation is unknown. The exact relationship between the uveitis, the cyst formation, and the glaucoma has not been clarified.

### Uveitis {#s0415}

*Uveal inflammation is common and may result from ocular trauma, noxious chemicals, infectious agents, neoplasia, or immunologic events.* In addition, corneal injury may cause hyperemia and increased permeability of anterior uveal vessels either by percolation of bacterial toxins or inflammatory mediators into the aqueous, or by stimulation of a vasoactive sensory reflex via the trigeminal nerve. The uvea may be the initial site of inflammation, as in localization of infectious agents, or may become involved as the nearest vascular tissue capable of responding to injury of the lens, cornea, or ocular chambers. *Conversely, the uvea seldom undergoes inflammation without affecting adjacent ocular structures.* The pathogenesis of uveitis can be arbitrarily divided into 3 broad categories: those examples associated with the hematogenous localization of infectious agents within the uveal tract, diseases resulting from the uveal response to infectious or noninfectious irritants within the ocular chambers, and "autoimmune" uveitis that results from a failure of immune tolerance or from immune mimicry by some infectious agent.

#### The vocabulary of uveitis {#s0420}

The vocabulary of uveitis is complex:•**Anterior uveitis** describes inflammation of iris and ciliary body.•**Posterior uveitis** involves ciliary body and choroid, with **panuveitis** occasionally used to designate diffuse uveitis.•**Chorioretinitis** describes inflammation of choroid and, usually less severely, overlying retina.•**Endophthalmitis** is inflammation of uvea, retina, and ocular cavities, with **panophthalmitis** reserved for inflammation that has spread to involve all ocular structures, including sclera.

The usefulness of such terminology is doubtful when one considers the vascular unity of the uvea and its intimate association with other ocular tissues. Disagreement between clinical assessment of the extent of the uveitis and histologic evaluation is common; most cases diagnosed clinically as anterior uveitis would be designated as endophthalmitis by histologic assessment. *By convention, the choice of diagnostic classification is strongly influenced by clinical severity, with anterior uveitis the mildest, and panophthalmitis the most severe lesion.*

#### The significance of uveitis {#s0425}

Uveitis is clinically significant as a cause for ocular pain, but most cases of uveitis reaching a pathologist are because the uveitis is a manifestation of systemic disease, or because the bystander effects of uveitis led to glaucoma or to blindness from retinal detachment. Some of these vision-threatening bystander effects result from the accumulation of exudates (as with exudative retinal detachment), but most result from the later organization of exudates and proliferative events of wound healing within ocular cavities. Not all of the changes associated with uveitis are equally devastating, but they are all worthy of histologic recognition and description when looking at these globes.

*Corneal changes* include edema and peripheral stromal hyperemia *(ciliary flush).* The edema results from corneal endothelial damage or from increased permeability of limbic blood vessels responding to inflammatory mediators released from the adjacent uvea. In the former instance, damage may be the direct result of the agent causing uveitis, as occurs in infectious canine hepatitis or feline infectious peritonitis. It may also occur as a result of an immune response to endothelial cells containing antigens of these infectious agents, to cross-reaction between microbial and corneal endothelial antigens (immune mimicry), or as a nonspecific response to the presence of the chemical byproducts of inflammation within the anterior chamber. Similar byproducts mediate the acute inflammatory response in the nearby limbic and conjunctival vasculature, leading to edema in the peripheral corneal stroma. Hyperemia of this limbic network also results in *the circumferential peripheral corneal stromal hyperemia, resembling a brush border, which is a clinical hallmark of anterior uveitis.* In eyes with chronic uveitis, corneal edema may also result from glaucoma or from anterior synechia. Persistent edema may lead to stromal fibrosis, vascularization, bullous keratopathy, and the risk of ulceration. *Limbic hyperemia may give way to corneal midstromal vascularization.* This last lesion is extremely common and is a reliable indicator of current or previous uveitis. It is presumed to be an "accidental" and apparently purposeless response to the percolation of angiogenic cytokines from the nearby uveal inflammation.

*The accumulation of fibrin, leukocytes, and erythrocytes in the aqueous may result in plugging of the filtration angle and subsequent glaucoma.* The infrequent observation of this sequel suggests either unusual potency of the fibrinolytic system within the aqueous, or the inability of exudates to plug more than the most ventral portion of the circumferential angle. Much more common is the organization of inflammatory exudates upon the surface of iris or ciliary body. Adherence of iris to lens **(posterior synechia)** is more common than adherence to cornea **(anterior synechia)** because of the normally intimate association of the lens and iris. If the posterior synechia involves the circumference of the iris, the pupillary flow of aqueous is blocked, posterior chamber pressure rises, and the iris bows forward **(iris bombé)** and may actually adhere anteriorly to the cornea ([Fig. 5-40](#f0205){ref-type="fig"} ). Glaucoma results from pupillary block, peripheral anterior synechia, or both. In severe and prolonged anterior uveitis, there may be development of a **pre-iridal fibrovascular membrane** on the iris face ([Fig. 5-41A](#f0210){ref-type="fig"} ), which may span the pupil to cause pupillary block. Alternatively, this fibrovascular membrane may extend to cover the face of the pectinate ligament and cause neovascular glaucoma ([Fig. 5-41B](#f0210){ref-type="fig"}). This membrane may contract on the face of the iris, resulting in infolding of the pupillary border to adhere to the anterior **(ectropion uveae)** or posterior **(entropion uveae)** iris surface ([Fig. 5-41C](#f0210){ref-type="fig"}) (see additional discussion under [Lesions causing glaucoma](#s0590){ref-type="sec"}).Figure 5-40**Circumferential posterior synechia and iris bombé.** Iris bombé develops only as a result of complete pupillary obstruction.Figure 5-41**Pre-iridal fibrovascular membrane. A.** Activation, budding, and migration of iris vascular endothelium and fibroblasts create this potentially devastating membrane of granulation tissue on the anterior surface of the iris. **B.** The migrating pre-iridal membrane crosses the face of the pectinate ligament to create obstruction of aqueous outflow and secondary glaucoma. **C.** Eventual contraction of the pre-iridal membrane "shrink wraps" the iris, a phenomenon seen clinically as a permanently dilated pupil or a scalloped pupillary margin.

**Atrophy of iris** may follow severe and necrotizing inflammation, and some examples can be distinguished from idiopathic and senile atrophy by the observation of residual lesions of the previous uveitis, such as lymphoid aggregates, focal synechiae, and uveal hyalinization.

The ciliary body suffers the same range of chronic lesions as does the iris. Deposition of PAS-positive hyaline material along the lumenal surface of the ciliary epithelium is particularly frequent in horses. It appears to be deposited in the cytoplasm of the nonpigmented epithelium, and may represent aberrant basement membrane. It is not fibrin; in many instances, it has the staining properties of amyloid. Organization of exudate within the posterior chamber or vitreous results in *a retrolental fibrovascular membrane, called a* **cyclitic membrane,** which stretches around the ciliary body and across the back of the lens. Vitreous is almost always liquefied as a result of the severe uveitis, and continued contraction of fibrin in the posterior chamber and vitreous causes a **tractional retinal separation.** Histologic examination of most cyclitic membranes reveals a fibrovascular retrolental membrane incorporating lens into its anterior face and a folded, degenerate retina in its posterior surface.

**The residual lesions** *of chronic choroiditis include focal lymphoid aggregates and scarring.* Tapetum usually remains unaffected. As choroiditis severe enough to evoke these lesions will almost invariably have involved retina and RPE, the residual scar will involve these structures. *Chorioretinal scars are seen as focal fibrous chorioretinal adhesions* in place of normal RPE. Because these scars prevent the involved retina from separating as part of processing artifact, they frequently appear as "spot welds" along an otherwise artifactually detached retina. RPE may be hypertrophic or hyperplastic, particularly if retina has been chronically separated by choroidal effusion. The fibroblast-like cells forming the scar may be derived from retinal Muller cells, choroidal fibroblasts, or metaplasia of RPE, the last being the major source.

**Cataract** *is a common sequel to uveitis,* either as a result of uveal adhesions to lens surface, altered aqueous flow with lenticular malnutrition, exposure to injurious inflammatory byproducts, or increased aqueous pressure in postinflammatory glaucoma.

**Phthisis bulbi** *describes a hypotonic, shrunken, structurally disorganized eye that is the end stage of severe ophthalmitis.* Phthisis is seen most commonly as a sequel to severe prolonged suppurative septic ophthalmitis from corneal perforation. Cornea and sclera are thickened by fibrosis and leukocytic infiltration, and ocular content is barely recognizable. Mineralization and even ossification may occur, but cartilage is absent (unlike congenitally dysplastic globes). *A shrunken, end-stage eye that contains ocular structures with at least recognizable orientation is properly termed* **atrophia bulbi.** The term is seldom used, but atrophia is much more common than true phthisis bulbi.
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#### The histologic classification of uveitis {#s0445}

*There is no truly satisfactory method for classifying uveitis*. It does little good to classify it based upon the exact etiology or pathogenesis, because that approach suffers from the "catch-22" that you need to know what the disease is before you can read about it! The clinical classification as anterior versus posterior uveitis is essentially irrelevant when looking at histologic sections, because virtually all uveitis would be histologically classified as endophthalmitis. In the end, what seems most practical, at least for an audience of pathologists, is to initially classify uveitis on the basis of exudate type, with subdivision based upon histologic or other evidence of pathogenesis (lens-induced, traumatic, etc.) or etiology as appropriate.

*Uveitis is thus classified as serous, suppurative, granulomatous, or lymphocytic-plasmacytic.* The usefulness of such classification in predicting causes decreases as the lesion ages and as the events of host immune response blend with the initial inflammation. Furthermore, the reaction may differ among different compartments within the same globe. In general, the highly mobile neutrophils (if present) will be found mostly within the ocular chambers. The less mobile but longer-lived lymphocytes, plasma cells, or macrophages will usually predominate within the uveal tissue itself. As is true in other tissues, such as joint and uterus, this may give rise to conflicting terminology, depending upon whether the disease is being diagnosed by aspiration cytology of chamber fluid or histologic assessment of the solid tissue.

**Acute serous uveitis** involves the usual sequence of protein-rich fluid exudation, sometimes with fibrin, followed by emigration of neutrophils. In the iris, the protein-rich fluid readily percolates through the loose stroma to enter the anterior chamber as the clinically observed **aqueous flare.** The ciliary processes are usually distended by inflammatory stromal edema, perhaps a consequence of the initial inability of the serous exudate to pass through the tight intercellular junctions of the ciliary epithelium. Choroid exhibits the most convincing vascular engorgement as well as edema, with the latter frequently seeping through the RPE to cause **serous retinal separation.** Because such mild uveitis is not likely to result in removal of the globe, observation of serous uveitis is usually restricted to globes enucleated for other reasons, such as severe ocular trauma, neoplasia, or corneal ulceration.

**Suppurative uveitis** *usually reflects a bacterial pathogenesis. It is usually bilateral when it is a reflection of hematogenous localization,* such as in the neonatal septicemias of calves, foals, and pigs. When unilateral, it is more often a reflection of penetrating ocular trauma with implantation of bacteria into the globe. Neutrophils also predominate in acute mild neurogenic uveitis associated with corneal epithelial injury and in the acute phase of phacoclastic uveitis. In very mild examples, they are found marginated along the endothelium of iris and ciliary venules, in perivascular adventitia, adherent to ciliary processes, and in the filtration angle. Neutrophils rapidly degenerate within the aqueous to assume an unsegmented globular morphology. Clumps may adhere to the corneal endothelium as **keratic precipitates,** or settle ventrally within the anterior chamber as **hypopyon.** The hypopyon may, in histologic section, seem to be plugging the filtration angle, but only rarely would such exudate cause glaucoma, because only rarely would such exudate be able to occlude a significant part of the circumferential filtration angle. Fibrin exudation may accompany the suppurative inflammation, but fibrinolysis is very efficient within the anterior chamber, and glaucoma rarely results.

**Granulomatous uveitis** *is characterized by the conspicuous presence of epithelioid macrophages and, occasionally, giant cells.* As is true of granulomatous disease elsewhere, only rarely is the exudate purely granulomatous, and most involve substantial participation by neutrophils. Ocular localization of some species of dimorphic fungi or of algae, helminths, or mycobacteria may cause granulomatous endophthalmitis, as may lens rupture (phacoclastic uveitis) and the Vogt-Koyanagi-Harada--like syndrome in dogs.

**Lymphocytic-plasmacytic uveitis** *is by far the most common histologic type of uveitis encountered in enucleated globes.* The leukocytes that are resident within the uveal tissue are dominated by lymphocytes and plasma cells, with or without the formation of actual lymphoid aggregates and nodules. It may occur simply as a chronic form of what was initially a suppurative uveitis, but is more frequently seen as the typical manifestation of immune-mediated uveitis, viral infection, phacolytic uveitis, or uveitis secondary to intraocular neoplasia.

Specific examples of uveitis/endophthalmitis follow.

#### Bacterial endophthalmitis {#s0450}

*Bacteria may enter the eye hematogenously or via penetrating wounds*. Those arriving hematogenously cause their initial lesion in ciliary body or, less frequently, in choroid. Those arising via penetration usually incite the initial reaction in anterior chamber, particularly if the penetration is via perforation of an ulcerated cornea. Most are suppurative, and their extent and severity vary with the size of inoculum, virulence of the agent, and host response and its duration.

The list of organisms capable of causing endophthalmitis is long. *It is probably true that any bacterium capable of bacteremia or septicemia can cause endophthalmitis.* Particularly prominent are the streptococci and coliforms in neonatal septicemia. The failure to detect ocular lesions in such animals is more often the result of the brief, fatal course of the disease than of specific ocular resistance. The ocular lesion may be very mild, better detected by opacification of the plasmoid aqueous in Bouin\'s or Zenker\'s fixative than by histologic examination. Histology may reveal only edema of ciliary processes with a few neutrophils along the capillary endothelium or enmeshed in filaments among ciliary processes. The well-known bovine *Histophilus somni* bacteremia, infectious thrombotic meningoencephalitis, is often seen as focal rather than diffuse chorioretinitis.

Exceptions to the generalization that bacterial endophthalmitis is suppurative occur if infection is caused by bacteria that, in other tissues, incite lymphocytic or even granulomatous inflammation. *Ocular tuberculosis* is largely of historical interest. It occurred as part of generalized systemic disease, and the typical tubercles were most numerous in the choroid. *Mycobacterium tuberculosis* var. *bovis* was the usual isolate except in cats where the human strain was common. In cats, ocular tuberculosis may also occur as keratoconjunctivitis without uveal involvement.

*Brucella canis* may cause chronic lymphocytic endophthalmitis that is probably immunologically mediated. Agglutinating titers for *B. canis* antigen in aqueous exceed those of serum, and the ocular lesions are similar to those of equine recurrent ophthalmitis.

*Listeria monocytogenes* often causes endophthalmitis in association with meningoencephalitis in ruminants (see Vol. 1, Nervous system). The condition is unilateral, and the pathogenesis is obscure.

Uveitis caused by the rickettsias of *Rocky Mountain spotted fever* and *ehrlichiosis* are discussed under Retinitis.

#### Mycotic endophthalmitis {#s0455}

Fungi may affect the eye as causes of keratitis, orbital cellulitis, or endophthalmitis. Only rarely do the fungi causing keratitis or orbital infection penetrate the fibrous tunic to cause intraocular disease. However, hematogenous uveal localization is rather common in the course of systemic mycoses caused by *Cryptococcus neoformans* and *Blastomyces dermatitidis* and, less regularly, with *Coccidioides immitis* and *Histoplasma capsulatum.* In immunodeficient animals, one might expect occasionally to detect endophthalmitis as part of generalized disease caused by saprophytic fungi such as *Aspergillus* or *Candida;* these same agents will occasionally cause endophthalmitis in conjunction with penetrating plant foreign bodies. The frequency with which endophthalmitis accompanies systemic mycosis is unknown and probably varies with the specific agent, the species affected, and whether the disease is in an endemic area or is a sporadic occurrence. Hematogenous ocular mycosis is found almost exclusively in dogs, except for cryptococcosis, which is more common in cats. *Blastomyces* and *Cryptococcus* are more likely to invade the eye in the course of generalized infection than are *Coccidioides* or *Histoplasma,* and occurrence in nonendemic areas is strongly linked to prolonged systemic corticosteroid therapy. Involvement is bilateral but not necessarily equal. Blastomycosis, cryptococcosis, and coccidioidomycosis are discussed Vol. 2, Respiratory system, and histoplasmosis in Vol. 3, Hematopoietic system.

**Blastomycosis** *is the most frequently reported cause of intraocular mycosis in dogs.* It is rare in cats. Between 20-26% of dogs with the systemic disease are blind or have grossly observed ocular lesions, suggesting that intraocular involvement would be recognized more often if histologic examinations were routinely done. The clinical ocular disease is severe diffuse uveitis, frequently with retinal separation.

*The histologic appearance is of diffuse pyogranulomatous or granulomatous endophthalmitis with retinitis, exudative retinal separation, and, commonly, granulomatous optic neuritis.* Choroiditis is often more pronounced than is the anterior uveitis. The greatest accumulation of leukocytes often is in the subretinal space enlarged by exudative retinal detachment. The causative diagnosis depends upon the demonstration of the spherical-to-oval, thick-walled yeasts in vitreous aspirates or in the histologic section. They are usually most numerous in the subretinal exudate, but are rare in anterior chamber or in retina itself ([Fig. 5-42](#f0215){ref-type="fig"} ).Figure 5-42**Blastomycosis.** The lesions range from suppurative to pyogranulomatous endophthalmitis, usually with prominent subretinal exudation as seen here. The number of fungi is highly variable, here showing the typical thick refractile capsule and broad-based budding (arrows).

The organisms are free or within macrophages, are 5-20 µm in diameter, and show occasional *broad-based budding.* Extremes in sizes may result in yeasts from 2-30 µm diameter. The eye may, in addition, have the full spectrum of corneal, lenticular, and glaucomatous sequelae expected of any severe uveitis. Panophthalmitis with orbital cellulitis is seen in about ![](if005v001-001-9780702053177.gif) of enucleated globes.

**Cryptococcosis** is similar to blastomycosis in that *the lesions are predominantly within retina, choroid, and optic nerve.* However, infection of the eye may arise either hematogenously or by extension from the brain via optic nerves, and lesions are often conspicuously lacking in cellular host reaction. *Large collections of poorly stained pleomorphic yeasts, surrounded by wide capsular halos, impart a typical "soap-bubble" appearance to the histologic lesions* ([Fig. 5-43](#f0220){ref-type="fig"} ). The yeasts vary in size, but most are 4-10 µm in diameter. Round, oval, and crescentic forms are seen. In some animals, however, a granulomatous reaction mimicking that of blastomycosis can be found. In such lesions, the organisms typically are scarce.Figure 5-43**Cryptococcosis.** Large numbers of yeast with characteristic unstained mucinous capsules (arrows) are embedded in a preretinal and subretinal granulomatous exudate. The number of organisms is typically much larger than seen with blastomycosis, and the cellular reaction is usually less dramatic.

The frequency with which ***Coccidioides immitis*** infects the eye appears to be low (\~2%), despite the prevalence of generalized infection in endemic areas. The ocular lesion resembles blastomycosis in that *pyogranulomatous reaction occurs around fungal spherules.* The reaction is predominantly purulent around newly ruptured spherules, gradually becoming granulomatous as the released endospores mature. The lesion tends to be more destructive than other mycoses, usually spreading to involve sclera and even episclera in a suppurative panophthalmitis.

***Histoplasma capsulatum*** is a common cause of generalized mycosis in dogs but is rare in other domestic species. It has a predilection for lymphoid tissue and other tissues rich in phagocytes, such as lung and liver, and it is perhaps this preference that accounts for the paucity of ocular involvement in spontaneous disease. In dogs and cats, infiltrative choroiditis or panuveitis occurs and is dominated by plasma cells and by macrophages filled with the organisms ([Fig. 5-44](#f0225){ref-type="fig"} ). Retinal separation, plasmoid vitreous, and optic neuritis also develop. The reaction tends to target the choroid, and to be less destructive than either blastomycosis or coccidioidomycosis.Figure 5-44**Histoplasmosis.** Although lesions are similar to those of blastomycosis, the reaction tends to be more purely choroidal, less suppurative, and with much larger numbers of small intracellular organisms surrounded by a thin clear halo.

***Encephalitozoon*** may induce periarteritis within the uvea and retina as it does elsewhere.

***Prototheca*** are not fungi, but they are most easily confused with *Cryptococcus* and *Blastomyces,* and histologic lesions are certainly similar to those occurring in mycotic endophthalmitis. They are *colorless saprophytic algae* capable of causing enteric, cutaneous, mammary, or generalized granulomatous disease in a variety of mammalian species. Ocular lesions have been described only in dogs with the disseminated form of the disease. *The lesions are bilateral and may vary from lymphocytic-plasmacytic to granulomatous panuveitis with optic neuritis and exudative retinal separation.* The host response is usually quite mild. The lesions resemble ocular mycosis, particularly cryptococcosis, and are distinguished only by the observation of the pleomorphic algae. In histologic section, the algae are free or within phagocytes. The organisms are spherical to oval, from 2-20 µm in diameter, with a refractile, PAS-positive, and argyrophilic cellulosic cell wall. Each cell consists of granular, weakly basophilic cytoplasm surrounding a central nucleus. *Prototheca* reproduces by asexual multiple fission, so that multiple daughter cells form within a single cell wall. One or 2 cycles of nuclear division without cytoplasmic cleavage may produce transient multinucleated cells before eventual cytoplasmic division results in up to 8 daughter cells. Each daughter cell acquires a capsule, resulting in a parent cell crisscrossed by septations that represent the cell walls of maturing daughter cells. Rupture of the parent cell wall releases the unicellular autospores. Collapsed, crumpled, and seemingly empty cell walls are visible in histologic section. There is no budding, as with *Blastomyces* and *Cryptococcus.*

Those canine isolates that were definitively identified were *Prototheca zopfii.* An enteric route of entry is probable inasmuch as necrotic enteritis is a feature of the disease (see Vol. 2, Alimentary system and peritoneum). Immunodeficiency may be a prerequisite for dissemination of the organism. Lesions are found in many visceral organs, skin, and lymph nodes in most cases. The reaction is granulomatous but is usually minimal in comparison to the large number of organisms.

#### Protozoal endophthalmitis {#s0460}

Although ocular lesions have been reported in infections caused by protozoa of the genera *Toxoplasma, Leishmania, Besnoitia,* and *Trypanosoma,* only *Toxoplasma* specifically causes intraocular lesions, although many cases diagnosed as toxoplasmosis were probably caused by *Neospora.* Most of the others cause keratoconjunctivitis that occasionally extends to anterior or generalized uveitis in which the causal agent may be found.

**Toxoplasmosis** affecting the eye is, as elsewhere, much more frequently suspected than proven, and clinical diagnoses greatly outnumber those confirmed by histopathology. *The histologic lesion is usually in retina, uvea, or extraocular muscles, and varies from focal, acute coagulative necrosis to granulomatous or lymphocyte-rich inflammation.* The organisms are seen most easily as intracellular pseudocysts during acute disease or as true cysts during remission. The more noxious merozoites are found only with difficulty as 7-9 µm crescentic, basophilic bodies within phagocytes or free amid necrotic debris.

The histologic changes of ocular toxoplasmosis have received various interpretations, and valid differences probably exist between species and between individuals of differing immune status. In man, the disseminated disease is usually congenital, and the ocular lesion is multifocal necrotic retinitis in which free or encysted *Toxoplasma gondii* are found. There may be lymphocytes and plasma cells in adjacent choroid. In human adults, the ocular lesion is predominantly a lymphocytic-plasmacytic choroiditis, suggesting that the pathogenesis is related more to a host immune response to the previously encountered, ubiquitous antigen than it is to local infection.

Lesions analogous to human congenital toxoplasmosis occur in *young cats* as multiple foci of retinal necrosis. Choroiditis may be present and is lymphocytic-plasmacytic, and anterior uveitis is seen in only 20-30% of such cases. *Much more common than this classic retinochoroiditis, however, is lymphocytic-plasmacytic anterior uveitis with serologic evidence of active Toxoplasma infection.* The role of toxoplasmosis in feline anterior uveitis is controversial (see [Idiopathic lymphonodular uveitis of cats](#s0530){ref-type="sec"}). Retrospective histologic studies list the majority of such cases as idiopathic and are presumed to be immune mediated, with antigen or antigens unknown. In the several large published studies, there has not been a single case confirmed by observation of merozoites or cysts in the eye; even serologic evidence in these studies pointed to toxoplasmosis in only 1-2% of cases. In contrast, one study reported evidence of anterior uveal production of *Toxoplasma*-specific antibody in 32 of 69 cats with anterior uveitis, and another report confirmed that anterior uveitis is indeed the most frequent manifestation of toxoplasmosis in cats, seen in 60% of cats with confirmed toxoplasmosis. Nonetheless, evidence remains less than conclusive about the role of *T. gondii* in the prevalent and enigmatic syndrome of anterior uveitis in this species. It may be that the local production of *Toxoplasma* antibody in cats with uveitis is merely the result of nonspecific recruitment of *Toxoplasma*-sensitized lymphocytes into the chronically inflamed uvea, and that lymphoid aggregates in such eyes are producing a whole range of antibody quite irrelevant to the original cause of the uveitis.

The situation in other species is not clear, but the prevalence of ocular lesions seems quite low. Lymphocytic cyclitis and multifocal necrotic retinitis are most frequently described and are usually seen together. *Multifocal choroiditis,* not necessarily adjacent to retinal lesions, is lymphocytic-plasmacytic in most species but granulomatous in sheep. A more common lesion is severe myonecrosis in extraocular muscles associated with free and encysted *Toxoplasma*. Toxoplasmosis is discussed in more detail in Vol. 2, Alimentary system and peritoneum.

#### Parasitic endophthalmitis {#s0465}

Many parasites are found incidentally in the eye, including *Echinococcus* in primates and *Cysticercus* in swine; multifocal ischemic chorioretinitis and optic neuritis in elk, caused by occlusive vasculitis caused by microfilariae of *Elaeophora schneideri;* and uveitis associated with fortuitous localization of larvae of *Toxocara canis* or other ascarids, *Angiostrongylus vasorum, Dirofilaria immitis,* and *Onchocerca cervicalis.* In addition, adults of *Setaria* spp. are occasionally found within the eye of horses. The long thread-like worms are seen floating within the aqueous, and the uveitis that results seems to be the result of mechanical irritation. The only specific intraocular parasitism is seen with the lens fluke of fish *(Diplostomum spathaceum),* which, after penetrating the skin, seeks the lens with remarkable speed and specificity. The principal lesion is cataract induced by the intralenticular presence of hundreds of larvae awaiting ingestion by fish-eating birds for completion of their life cycle, but infected fish may have larvae arrested in many other ocular or extraocular locations.

Chronic mild anterior uveitis is reported to accompany ectopic localization of immature *D. immitis* within aqueous and vitreous cavities of canine eyes. Studies of pathology are sparse, but endophthalmitis is reported in which anterior synechiae, subretinal exudate, and early cyclitic membrane may accompany the numerous vitreal and subretinal larval nematodes.

**Ocular onchocerciasis** affects people and horses. The *human* disease is endemic in Africa and Central America and is one of the most frequent causes of blindness in the world. The microfilariae of the causal agent, *Onchocerca volvulus,* are transmitted by *Simulium* spp. flies, and affect the skin, eyelids, and corneas of children and young adults. The microfilariae are found throughout the eye, but the lesion of greatest visual significance is diffuse, sclerosing, superficial stromal keratitis complicated by anterior uveitis with synechiae and eventual glaucoma.

*Equine onchocerciasis* has some similarities. The parasite, *O. cervicalis,* is of worldwide distribution, and surveys from the United States document the prevalence of dermal infection in horses as varying from 48-96%. About ![](if005v001-002-9780702053177.gif) of the infected horses have microfilariae in conjunctiva or sclera. The microfilariae enter the eye only incidentally in the migration from the ligamentum nuchae to the subcutis. The ocular sites of greatest concentration are the peripheral cornea and the lamina propria of the bulbar conjunctiva near the limbus. The microfilariae in the cornea are associated with superficial stromal keratitis resembling the disease of humans, albeit much milder. Some of the horses also have anterior uveitis typical of equine recurrent ophthalmitis, prompting theories that *Onchocerca* is one cause of this disease. The microfilariae can be recovered from the conjunctiva and eyelids of horses with uveitis, keratoconjunctivitis, and eyelid depigmentation, but are recovered with equal frequency from horses with no ocular disease and no microscopic reaction to the worms.

Ocular manifestations of **visceral larva migrans** in people are associated with larvae of *Toxocara canis* or, perhaps more frequently, of the raccoon roundworm *Baylisascaris procyonis.* The unilateral granulomatous fundic lesions are caused by a single wandering larva, and are relatively common in children but have rarely been described in nonhuman subjects despite the rather common occurrence of ascarid-induced granulomas in canine kidneys, lungs, or livers. The paucity of reports may not reflect the actual prevalence of disease in specific canine populations. One large survey of working sheepdogs in New Zealand recorded a 39% prevalence of lesions attributed to visceral larva migrans, contrasted to a 6% prevalence in similar dogs living in urban environments. *The active lesions were lymphocytic and granulomatous uveitis, nonsuppurative retinitis, and peripapillary nontapetal retinal necrosis.* Inactive lesions involved chorioretinal scars and multifocal chronic retinal separations in dogs older than 3 years. Larvae most compatible with *T. canis* were seen in sections of some acutely affected eyes. The high prevalence in these dogs was tentatively ascribed to the feeding of uncooked frozen mutton that may have contained *T. canis* larvae as part of a dog-sheep-dog life cycle. A report of similar lesions in Border Collies in the United States was associated with the feeding of raw pork.

Ocular disease may also result from the intraocular migration of *fly larvae*. This syndrome, termed *internal ophthalmomyiasis,* is discussed with diseases of conjunctiva.
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#### Viral endophthalmitis {#s0485}

The fuzzy distinction between infectious uveitis/endophthalmitis and immune-mediated disease is most obvious when dealing with viral causes of endophthalmitis, even though it is probably also a major factor in mycotic and parasitic diseases. The distinction is therefore arbitrary, and *discussed later are those diseases that are probably best classified as immune-mediated endophthalmitis for which the antigen is identified as viral.*

#### Canine adenovirus {#s0490}

*Canine adenovirus 1 (infectious canine hepatitis virus) is the best-documented cause of virally induced, immune-mediated uveitis in domestic animals. At least in North America, many years of widespread vaccination have reduced it to a virtually historical disease in domestic dogs.* The systemic disease is discussed in Vol. 2, Liver and biliary system. During the acute viral stage of the disease, viral replication within endothelium and stromal phagocytes of the uvea results in a primary mild nonsuppurative uveitis that usually is clinically undetected. Inoculation of field virus into the anterior chamber of dogs and foxes may result in viral inclusion bodies within corneal endothelium and subsequent edema, but edema is not a feature of the active stage of naturally occurring disease. During the convalescent phase of the disease, or 6-7 days after vaccination with a modified live virus, a small percentage of dogs develop anterior uveitis, endothelial damage, and corneal edema *("blue eye")* that is a manifestation of type III hypersensitivity to persistent viral antigen, in which complement fixation attracts neutrophils. The proteases of neutrophils are responsible for the cell injury.

The histologic lesion is bilateral but not usually of equal intensity, thus clinically apparent disease may be unilateral. *Corneal edema results from diffuse hydropic degeneration of corneal endothelium and secondary stromal edema.* In a small percentage of affected dogs, the damage is so persistent as to cause interstitial keratitis and permanent fibrosis. Whether this sequel results from unusually persistent antigen, unusually severe endothelial damage or age-dependent variation in endothelial regenerative ability is unknown. *Intranuclear inclusion bodies* of adenovirus type may be seen in a few degenerate endothelial cells. There is accompanying anterior uveitis, with lymphocytes and plasma cells around vessels in the iris and ciliary body; in the filtration angle; and adherent to cornea as keratic precipitates. Choroidal involvement is mild or absent. Sequelae such as synechia or angle obstruction with debris are infrequent, occurring in \<5% of affected eyes. In most dogs, whether recovering from natural or vaccine-induced infection, the ocular reaction subsides within 3-4 weeks.

#### Feline infectious peritonitis--associated uveitis {#s0495}

*The coronavirus of feline infectious peritonitis (FIP) causes diffuse uveitis that is probably immune mediated* (see Vol. 2, Alimentary system and peritoneum). The frequency of ocular lesions is unknown because the eyes are not regularly examined in cats with the disease. Estimates based upon clinical examination range from \~10% in an outbreak to 50% of unselected clinical cases. *Most cats that die of the disease have ocular involvement as detected by coagulation of aqueous with acidic fixatives (indicating increased aqueous protein).* The histologic evidence for inflammation in some eyes may be subtle indeed, and such eyes usually reach postmortem without clinically detected uveitis. Conversely, some cats develop severe uveitis attributed to this virus by clinical, serologic, or histologic evaluation, without concurrent evidence of the disease elsewhere.

*The typical histologic lesion, as is the case elsewhere in the body, varies with time and location.* Leukocytic infiltration is most extensive in the ciliary body and adjacent limbic sclera, and is usually a rather even mixture of neutrophils, lymphocytes, plasma cells, and macrophages. In some eyes, the infiltrate is purely histiocytic. The inflammatory cell population often becomes more purely lymphoid in the choroid and more neutrophilic in the anterior chamber. Perivascular lymphocytic-plasmacytic aggregates are common in retrobulbar connective tissue and in the optic nerve sheath, and in the retina. In the retina, the accumulations are larger and are more likely to involve a true phlebitis than is the case with the subtle perivascular retinitis that is a frequent and nonspecific accompaniment to most forms of anterior uveitis ([Fig. 5-45](#f0230){ref-type="fig"} ). Sequelae to the uveitis are rarely seen, either because the cats are in the late stages of the disease when ocular lesions are examined or because euthanasia halts its progression. Retinal separation with serous subretinal exudate is occasionally observed. The presence of large globular accumulations of macrophages and neutrophils adherent to the corneal endothelium *(keratic precipitates)* is an important clinical hallmark of the disease, and is useful histologically as well. Neutrophilic endothelialitis with severe corneal edema may also occur.Figure 5-45**Feline infectious peritonitis (FIP).** The simultaneous presence of a fibrinonecrotic, suppurative, and plasmacytic endophthalmitis is characteristic of FIP, but not always seen. Ocular lesions are so variable that a firm diagnosis virtually always requires immunohistochemistry to demonstrate the coronaviral antigen within the lesion.

The histologic lesions of FIP within the globe are not absolutely specific, and so the gold standard for the diagnosis is immunohistochemical demonstration of coronaviral antigen within uveal leukocytes.

#### Bovine malignant catarrhal fever--associated uveitis {#s0500}

*The presence of severe uveitis is an important clue in the clinical differentiation of malignant catarrhal fever from other bovine systemic disorders, particularly from mucosal disease. The histologic lesions within the eye resemble those elsewhere in the body: arterial necrosis and perivascular and intramural lymphocytic accumulations.* The presence of mitotic figures among the lymphoid cells is distinctive. The arteritis usually is most obvious in the iris, but may be seen affecting arterioles or venules in the retina, choroid, meninges of optic nerve, or even peripheral cornea. There is *marked corneal edema with a ring of peripheral corneal stromal vascularization,* clinically seen as a dark red circumferential brush border of straight vessels in the perilimbal cornea. Blood vessels in the conjunctiva and even in the newly vascularized cornea may be targets for the disease, so that the edema and hemorrhage of vessel injury are added to the nonspecific lesions of conjunctivitis and peripheral keratitis that accompany uveitis of any cause in all species.

Infiltration of lymphocytes among corneal endothelial cells is associated with patchy necrosis of that layer, which may also contribute to the corneal edema. A layer of mononuclear leukocytes enmeshed in fibrin often is adherent to the aqueous face of the corneal endothelium.

Even the very early lesions are lymphocytic. In vessels, the first changes involve subendothelial and adventitial lymphocytic and lymphoblastic accumulation, with little necrosis. Despite long-standing speculation for an immune-complex pathogenesis for the vasculitis, proof is lacking. Deposition of immunoglobulin or complement is not a significant feature of the vascular lesion within the eye, and a T-cell--dependent, type IV immune pathogenesis has been suggested.
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#### Idiopathic immune-mediated uveitis {#s0520}

There is no clear histologic distinction between idiopathic immune-mediated uveitis and uveitis traditionally ascribed to a specific causative agent. Except for rapidly progressing bacterial uveitis following hematogenous localization or penetrating injury, *virtually all uveitis probably has an immune component superimposed on initial nonspecific inflammation.* Even traumatic uveitis probably permits unusually large amounts of endogenous ocular antigens to overwhelm immune tolerance and induce uveitis. Types III and IV hypersensitivity have been induced in various laboratory animals by using tissue-specific antigens of photoreceptor, uveal, lens, and corneal origin. *Lens-induced uveitis* and *uveodermatologic syndrome (Vogt-Koyanagi-Harada syndrome)* are naturally occurring examples of uveitis induced by endogenous ocular antigens. Strong cross-reactivity between *leptospiral antigens* and equine corneal endothelium (immune mimicry) serves to further obscure the distinction between infectious and immune-mediated ocular disease.

Included in this section are those diseases that are exclusively or predominantly immune mediated, and for which the triggering antigen has not been proven to be an infectious agent. *In general, all are characterized by chronic, lymphocytic-plasmacytic panuveitis, in which the infiltrating leukocytes form lymphoid aggregates and perivascular cuffs.* Clinically, they are either continuously progressive syndromes or subject to periodic irregular clinical exacerbations and remissions. This is by far the most common histologic pattern of uveitis in cats and in horses ([Fig. 5-46](#f0235){ref-type="fig"} ). It is relatively less common (although still prevalent) in globes submitted from dogs simply because of the prevalence of other patterns of uveitis, such as lens-induced uveitis and uveitis associated with systemic mycoses.Figure 5-46**Equine recurrent uveitis.** Neutrophilic-to-lymphocytic pars planitis is a characteristic lesion.

*Understanding the pathogenesis of all uveitis, but particularly those examples with a presumed immune pathogenesis, requires an understanding of the unique immune status of the globe, a phenomenon commonly referred to as "immune privilege."*

**Immune privilege** refers to a combination of structural and functional mechanisms by which the globe seeks to avoid the bystander consequences of inflammation, as occur in most other tissues. Because the function of the globe is so dependent on very precise anatomic relationships and the clarity of ocular media, events of serous effusion, bystander cellular necrosis, and accumulation of exudates are much more damaging within the globe than in most other tissues.

The elements of this immune privilege include the absence of lymphatic drainage within the globe, a relative paucity of intraocular major histocompatibility complex (MHC) II antigen-presenting cells, intrinsic production of anti-inflammatory and immune-inhibitory cytokines within the aqueous and vitreous, the almost complete absence of intraocular resident leukocytes, and anterior chamber--associated immune deviation. This "*immune deviation*" begins with the continuous presence of immunomodulating cytokines within the aqueous, vitreous, and subretinal space (notably but not exclusively transforming growth factor-β \[TGF-β\]) that alter endogenous and exogenous intraocular antigens interacting with antigen-presenting cells resident within the trabecular meshwork and elsewhere in the uvea. Those antigen-presenting cells then leave the globe, enter the spleen, and specifically induce a population of splenic lymphocytes that will return to the globe as immune effector cells with very specific functional limitations. These splenic-origin B cells, natural killer (NK) cells, and CD4+ or CD8+ T lymphocytes have impaired complement-fixing ability, little ability to induce a delayed hypersensitivity reaction, yet unimpaired antigen-specific cytotoxicity and production of non--complement-fixing antibody. In short, the immune response to intraocular antigenic challenge is specifically altered to limit those types of immune responses that typically have a lot of "collateral damage," and to favor those very precise cytotoxic responses that typically have little bystander injury.

Anterior segment immune deviation seems designed to dampen the significance of the "day to day" leakage of autoantigens and low-level exogenous antigens into the globe and is a critical component of immune tolerance to retinal and lens antigens. **It is not effective** if there is a break in the blood-eye barrier that allows large amounts of exogenous antigen into the globe, or if there is any intraocular disease that counteracts the immunosuppressive effect of the constitutive intraocular cytokines or increases the release of autoantigens. Failure of anterior segment immune deviation therefore allows entry into the globe by immunocytes capable of activating complement and triggering delayed-type hypersensitivity reactions that are unacceptably damaging to the globe. Without proof, we assume that most of the clinical and histologic manifestations of "idiopathic" lymphocytic uveitis are manifestations of a failure in this immune deviation.

The usual histologic features of idiopathic (presumed immune-mediated uveitis) in all species include perivascular lymphocytic-plasmacytic aggregates in iris stroma, in the ciliary body, and, less obviously, in the choroid and even the retina. In long-standing cases (which are most likely to receive histologic examination), the aggregates may be very large and resemble lymphoid follicles. As in other tissues, amplification of the immune response results in recruitment of lymphocytes that are not necessarily specific for the inciting antigen. The polyclonal nature of these lymphocytes is probably important in the typically recurrent nature of uveitis in all species. Once established in the eye, these cells respond to a diverse range of circulating antigens that enter the eye through a blood-eye barrier at least temporarily disrupted by the inflammation. *It is thus possible, or even probable, that **chronic, recurrent lymphonodular uveitis,** which is the classic histologic pattern for "idiopathic" uveitis seen in all species, results not from persistence of a single triggering antigen, or repeated exposure to the same antigen, but from ongoing impairment of immune deviation and permeability of the blood-eye barrier that allows both exogenous and endogenous antigens easy access to the intraocular environment.*

Specific examples of idiopathic lymphonodular uveitis or endophthalmitis are discussed later, and include equine recurrent uveitis, idiopathic lymphonodular uveitis of cats, canine lymphocytic uveitis, canine uveodermatologic syndrome (Vogt-Koyanagi-Harada--like syndrome), and lens-induced uveitis.

#### Equine recurrent ophthalmitis (periodic ophthalmia) {#s0525}

*This is a worldwide and important cause of blindness in horses and mules. The blindness results from repeated attacks of anterior uveitis occurring at unpredictable intervals and with increasing severity.* With each attack, there is increasing involvement of the posterior uvea, retina, and optic nerve, and increasingly frequent sequelae of cataract, lens luxation, synechiae, retinal separation, and interstitial keratitis. Despite the frequent observation of posterior synechiae, glaucoma is rarely reported. It is speculated that aqueous drainage in horses relies less on the trabecular meshwork and more on uveal resorption than is true of dogs or cats. The disease may initially be unilateral but eventually affects both eyes. Blindness is usually a late sequela, but may occur early in the disease if exudative choroiditis causes retinal separation.

Gross lesions of the acute disease are typical of anterior uveitis in any species: serous conjunctivitis, chemosis, circumcorneal ciliary hyperemia, corneal edema, and plasmoid aqueous and vitreous, with fibrin and leukocytes in the aqueous. Clinically, such animals are often systemically ill, as detected by fever, decreased appetite, and depression. Lacrimation and photophobia are usually marked. Subsequent attacks tend to become increasingly severe, and resolution of the gross lesions between attacks is less complete. Such horses, during the quiescent period, may have one or more of the following: peripheral corneal vascularization with fibrosis and persistent edema, irregular thickening and pigmentation of iris, multiple posterior synechiae, patchy residual uveal pigment on lens capsule, and peripapillary retinal hyper-reflectivity suggesting retinal scarring.

*The microscopic lesions depend on the stage of the disease and represent a continuum from anterior uveitis to endophthalmitis with retinal scarring, or even phthisis bulbi.* The earliest lesion is anterior uveal inflammation that is transiently neutrophilic but rapidly becomes predominantly lymphocytic. Ciliary processes are most obviously affected. Edema, fibrin, and leukocytes distend the stroma, and leukocytes and fibrin lie in the anterior chamber and in the filtration angle. Neutrophilic-to-lymphocytic pars planitis is fairly common (see [Fig. 5-46](#f0235){ref-type="fig"}). In the eyes of horses with a history of several attacks of uveitis, the exudate in these acute flare-ups of the disease is almost purely lymphocytic-plasmacytic and is found about vessels of the choroid, retina, and optic nerve as well as the anterior uvea. Peripheral corneal vascularization, both from conjunctival and limbic ciliary vessels, becomes increasingly prominent and extends further toward the center of the cornea. Edema accompanies the newly formed vessels. The chorioretinitis may be sufficiently exudative to cause multifocal retinal separation. As these severe uveal lesions regress during clinically quiescent periods, they leave behind characteristic residual changes. Relatively early in the disease, there is the development of perivascular lymphoid aggregates in the iris and ciliary body that persist and may even form true lymphoid nodules ([Fig. 5-47](#f0240){ref-type="fig"} ). The ciliary processes may remain thickened by fibrous organization of stromal edema, and a hyaline membrane often seems to cover the ciliary epithelium. This material, in fact, lies within the apical cytoplasm of the nonpigmented ciliary epithelium. In most respects, it resembles amyloid ([Fig. 5-48](#f0245){ref-type="fig"} ). Small blood vessels persist along corneal stromal lamellae, and there is subtle fibrous disorganization of the stroma, the result of previous edema. Peripapillary chorioretinal scarring is seen as focal retinal photoreceptor loss, jumbling of layers, and gliosis. Adjacent retinal pigment epithelium may be hypertrophic or hyperplastic, and a focal cluster of lymphocytes in the nearby choroid is common.Figure 5-47**Equine recurrent uveitis.** As the disease matures, large lymphoid nodules typically form within the iris stroma, trabecular meshwork, and ciliary body.Figure 5-48**Equine recurrent uveitis.** Deposition of amyloid-like material within the apical cytoplasm of the inner nonpigmented ciliary epithelium, unique to this disease.

Choroidal vessels are unusually thick walled because of edema or fibrin, the latter probably analogous to the hyalinization described in several reports. Increased vascular permeability persists even in quiescent periods, with loss of the blood-aqueous barrier demonstrated by fluorescein angiography. Whether or not this vascular alteration participates in the perpetuation of the uveitis is unknown, but it is known that such alterations predispose to localization of circulating immune complexes and subsequent type III hypersensitivity--induced inflammation.

Focal retinal detachments may reattach by fibrous organization of subretinal exudate or may progress to total separation with a barely recognizable retina adherent to the posterior lens capsule. Gliosis and lymphocytic aggregates may be found within the proximal optic nerve. Scarring in optic disc and adjacent retina often is clinically obvious and may occur in horses with no other lesions of uveitis, leading to speculation that it is not really linked to, or at least not specific for, equine recurrent uveitis.

The causes and pathogenesis of recurrent equine ophthalmitis remain controversial. The most compelling single candidate for an etiologic agent is *Leptospira interrogans* serovar *pomona*, which can induce the syndrome after experimental introduction of bacteremia by subcutaneous inoculation. Leptospiral antigens or DNA have been repeatedly demonstrated within the globe of 50-70% of horses with classic clinical and histologic changes of equine recurrent uveitis. The problem, however, is that not all cases can be blamed on this agent. Various studies in various parts of the world have implicated other leptospiral serovars; various other bacterial, viral, protozoal, and other infectious agents; or even reaction to endogenous antigens. For most, the evidence is not compelling. Over the years, interest in pursuing the cause of the initial uveitis has faded as our collective interest in understanding the recurrent and progressive nature of this disease has focused more on the probability that the persistent disease is not caused by persistence of leptospiral or other infection as much as by the triggering of autoimmunity by impairment of anterior segment immune deviation or increased production of autoantigens. There is cross-reactivity between leptospiral antigens and equine corneal endothelial, lenticular, and retinal antigens. Horses with recurrent uveitis have intravitreal antibody and CD4+ T cells directed against numerous retinal antigens, and at least some of those antigens will stimulate uveitis when injected into the equine vitreous. They also have an increase in MHC II antigen-presenting cells within the choroid. The predominant cells within the anterior uvea of horses with chronic equine recurrent uveitis are CD4+ T cells, implying a Th1 inflammatory reaction. All of this points to the probability that the initial uveitis substantially alters the character of the intraocular environment so that immune privilege no longer exists, and the globe becomes susceptible to the potentially injurious effects of a wide range of endogenous and exogenous antigens unrelated to what caused the initial uveitis. At least in the case of leptospirosis, some of the persisting inflammation may represent humoral and cellular reaction to retinal and other autoantibodies that cross-react with leptospiral glycoproteins.

#### Idiopathic lymphonodular uveitis of cats {#s0530}

*This is by far the most frequent histologic pattern of uveitis in cats,* and vies with diffuse iris melanoma as the most common cause of glaucoma in this species. These eyes are enucleated and thus become available for histologic evaluation because of the glaucoma. The mechanism by which the uveitis causes the glaucoma is unknown.

The intraocular lesions are essentially identical to those seen with recurrent uveitis of horses, except there is no deposition of amyloid-like material within the ciliary epithelium. Perivascular accumulations of lymphocytes and plasma cells are seen throughout the uvea and, with less regularity, around small vessels in the retina. The iris tends to have the greatest accumulation, and the lymphocytic-plasmacytic perivascular aggregates may become so large as to be clinically visible. Formation of actual lymphoid follicles may occur in chronic and severe cases ([Fig. 5-49](#f0250){ref-type="fig"} ). The nodules and follicles may also occur within the trabecular meshwork and within the ciliary body, but choroidal involvement is usually quite subtle.Figure 5-49**Lymphonodular iritis** and secondary glaucoma in a cat. The lymphoid nodules occur within the iris and ciliary body, but the trabecular meshwork remains open, and the pathogenesis for the glaucoma is unknown.

*The syndrome is presumed to be immune mediated, but the identity of the antigen or antigens is unknown.* Its initial clinical presentation is usually unilateral, but the other globe is considered "at risk" for developing subsequent uveitis. There has been no study to document the actual risk. The pattern of serologic reactions in cats with this lymphonodular uveitis is no different than the general population, except perhaps to *Toxoplasma* (see [Protozoal endophthalmitis](#s0460){ref-type="sec"}, previously). That debate continues, but it seems clear that the syndrome is not associated with the presence of a histologically detectable infectious agent within the globe (at least by the time those globes are available for histologic assessment). Studies using immunohistochemistry and PCR to detect infectious agents have been similarly inconsistent, conflicting, and therefore inconclusive. Much of the confusion probably stems from the mistaken belief that the fairly uniform histologic picture must therefore be predictive of a single and repetitive etiology. As suggested previously with equine recurrent uveitis, it is likely that the pathogenesis for the recurring disease is different from the cause for the initial episode of uveitis.

#### Idiopathic lymphocytic uveitis in dogs {#s0535}

The histologic lesions are, in general, similar to those described previously for cats and horses: *lymphocytic-plasmacytic panuveitis that tends to be more severe in the anterior uvea than in the choroid.* Some cases develop lymphoid nodules and even follicles within the anterior uveal stroma. The disease is bilateral but not necessarily of uniform severity. Unlike the situation in cats, it rarely is associated with glaucoma. The main differential diagnosis is phacolytic uveitis, and indeed, in some cases the distinction is impossible.

#### Uveodermatologic syndrome in dogs (Vogt-Koyanagi-Harada syndrome) {#s0540}

Despite the exotic-sounding name, *this disease is relatively frequent in those areas in which the most susceptible breeds (Akitas, Siberian Huskies, Samoyeds) are popular.* The clinical syndrome of facial dermal depigmentation and severe bilateral uveitis is distinctive, although many dogs examined for the uveitis are not noted to have skin lesions. The canine syndrome closely parallels the human disease, except for the encephalitis that is the least-frequent part of the human syndrome and has not been confirmed in dogs. The human disease is most prevalent in people of Asian, Latin, or Mediterranean descent; the predilection in dogs for the Japanese Akita is an interesting but unexplained parallel.

*The histologic lesion is a destructive granulomatous endophthalmitis with abundant dispersal of melanin* ([Fig. 5-50A](#f0255){ref-type="fig"} ). The melanin-laden retinal pigment epithelium seems to be especially susceptible. Retinal detachment and destructive granulomatous inflammation are seen in advanced cases. The lesion is distinguished from the more prevalent systemic mycotic diseases by the predilection for pigmented tissues within the eye, lack of visceral involvement, and by the distinctive skin lesions, if they are present (see Vol. 1, Integumentary system). Most cases submitted for histologic assessment are chronic and have been heavily treated, and so histologic lesions are rarely "textbook." They usually are dominated by uveal scarring with dispersal of pigment from previously-injured pigmented neuroectoderm ([Fig. 5-50B](#f0255){ref-type="fig"}).Figure 5-50**Uveodermatologic syndrome (Vogt-Koyanagi-Harada--like disease). A.** Destructive granulomatous inflammation is targeting the pigmented neuroectoderm along the posterior surface of the iris. **B.** Chronic, treated uveodermatologic syndrome with postinflammatory destruction of choroidal architecture, dispersal of pigment, and disappearance of the retinal pigmented epithelium.

The pathogenesis of the human disease is thought to involve cell-mediated immune reaction to uveal (or epidermal) melanin.
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#### Lens-induced uveitis {#s0560}

*Uveitis in response to leakage of lens material is seen in all species, but is most frequent by far in dogs.* The term lens-induced uveitis encompasses 2 very different syndromes---phacolytic and phacoclastic uveitis---that differ markedly in clinical severity, histopathology, and pathogenesis.

**Phacolytic uveitis** is a *mild lymphocytic-plasmacytic anterior uveitis that occurs in response to the leakage of denatured lens protein through an intact lens capsule, which occurs regularly in the course of maturation of cataracts toward total liquefaction.* Some degree of phacolytic uveitis is assumed to occur in virtually all animals with cataract. It is most significant as a cause of postoperative complications and reduced overall success of cataract surgery in dogs, and routine preoperative and postoperative anti-inflammatory medication to reduce the severity of phacolytic uveitis has had a major impact on the success of canine cataract surgery. The inflammation is generally mild and is readily controlled by routine anti-inflammatory therapy, so the pathologist is likely to encounter this lesion only as an incidental finding in eyes with cataracts that were enucleated for reasons unrelated to the uveitis. The lesion is qualitatively identical to that described for idiopathic ("immune-mediated") uveitis, and so one cannot prove that an anterior mild lymphocytic uveitis in a specific globe is necessarily phacolytic.

The pathogenesis of phacolytic uveitis is assumed to represent an immune response to crystalline lens proteins leaking into the aqueous humor in amounts sufficient to overwhelm immune tolerance. That may explain why phacolytic uveitis is paradoxically more severe in dogs with early cataracts than in those with hypermature, extensively liquefied lenses in which denaturation of lens protein may have rendered it less antigenic.

**Phacoclastic uveitis** *is, at least histologically, a more complicated disease that follows rupture of a normal lens in an unknown percentage of cases.* The rupture is usually from corneal penetration by a thorn, quill, bullet, or cat claw, and thus usually is of the anterior capsule. It can also occur, albeit rarely, in dogs with rapidly-progressing diabetic cataracts even when the capsule seems to be intact. The clinical syndrome is distinctive: corneal perforation and mild traumatic uveitis that are successfully managed by conventional therapy, followed by the sudden reappearance of a severe, intractable uveitis 10-14 days after the initial injury. Poor response to medical therapy and the eventual development of glaucoma or phthisis bulbi prompt enucleation.

The macroscopic changes in the bisected globe are diagnostic. The lens is flattened in its anteroposterior dimension, and there frequently is a wedge of opacification extending from the anterior capsule toward the nucleus. Usually, there is posterior synechia, iris bombé, and the various other lesions as seen in any severe uveitis ([Fig. 5-51A, B](#f0260){ref-type="fig"} ).Figure 5-51**Phacoclastic uveitis. A.** Bisected globe with coagulated aqueous and vitreous typical of uveitis, anteroposterior collapse of the lens with capsular rupture, and posterior synechia with probable pupillary block. **B.** Rabbit globe with lens rupture secondary to infection with *Encephalitozoon cuniculi*. The anterior lens capsule has shredded, and the lens is surrounded by a robust mixed leukocytic accumulation. The vitreous is filled with coagulated protein typical of endophthalmitis.

The histologic lesions vary considerably depending on duration and, probably, on the amount of lens protein that escaped through the rupture site. Ophthalmologists will use the size of the rupture and their estimate of the amount of lens material lost into the anterior or posterior chamber to predict whether phacoclastic uveitis is likely to ensue, and thus whether prophylactic lens removal and irrigation of the anterior chamber is likely to be required. The anecdotal observation that the amount of lens material entering the anterior chamber seems to be important in predicting whether phacoclastic uveitis will develop or not is certainly in keeping with the theoretical pathogenesis for this disease that is related to the overwhelming of normal immune tolerance for small amounts of lens protein.

The lesions of phacoclastic uveitis are complex and reflect the direct effects of trauma, immunologic reaction to massive release of lens protein, reparative proliferation of metaplastic lens and/or iridociliary epithelium, the intraocular implantation of bacteria at the time of initial trauma, and lesions attributable to eventual secondary glaucoma. It is worth mentioning that some, and perhaps most, of these globes have at least some participation by bacterial infection that occurs concurrently with the original penetrating injury. How much that infection contributes to the histopathology described later remains unknown. Most samples reaching a pathologist are from animals that have been treated extensively with antibiotics, but it is still possible that previous septic inflammation was the significant contributor to the persisting histologic changes. Examples in which the intraocular lesions are dominated by suppurative intralenticular inflammation mixed with numerous bacteria (rather than by perilenticular granulomatous inflammation or by uncontrolled lens epithelial proliferation as described later) have been published under a separate name of "septic implantation syndrome."

The simplest and presumably earliest lesion of phacoclastic uveitis occurs at the site of capsular perforation. The edges of the capsule are retracted and coiled outward, and a wedge of neutrophils and liquefied lens material extends from the perforation toward the nucleus. The inflammation outside of the lens is usually distinctly perilenticular and involves a mixture of neutrophils and macrophages in the anterior and posterior chambers, and a lymphocyte-dominated reaction within the uveal stroma ([Fig. 5-52](#f0265){ref-type="fig"} ).Figure 5-52**Acute phacoclastic uveitis.** Lens capsular remnant (arrow) is surrounded by a lamellar accumulation of neutrophils, macrophages, and then finally by lymphocytes and plasma cells. This lamellar and strictly perilenticular orientation by these 3 layers is characteristic.

*Older lesions, which predominate in most globes by the time they are enucleated, are dominated by perilenticular proliferative changes of wound repair.* There is proliferation and fibroblastic metaplasia of lens epithelium adjacent to the perforation, which escapes from the lens to ramify over the lens surface and frequently incorporates the lens, ciliary processes, and iris leaves into a large fibrous mass that obstructs aqueous outflow. Metaplasia of ciliary epithelium or recruitment of fibroblasts from uveal stroma may contribute to the proliferation ([Fig. 5-53](#f0270){ref-type="fig"} ). Many such specimens contain little evidence of inflammation other than fibroplasia, probably because of very extensive anti-inflammatory therapy that is, in hindsight, useless against the proliferative events that doom the eye to glaucoma or phthisis.Figure 5-53**Chronic phacoclastic uveitis.** Severed ends of anterior lens capsule are retracted and frayed. Lens epithelial cells have migrated through the defect and have undergone fibroblastic metaplasia, creating the risk of pupillary block and secondary glaucoma.

*Phacoclastic uveitis is an important complication of cataract surgery* in which fragments of lens cortex or epithelium may be left in the eye. These initiate the same inflammatory and proliferative reaction as described previously, and the complications are as refractory to conventional anti-inflammatory therapy as is the naturally occurring disease. Iatrogenic phacoclastic uveitis has now become uncommon thanks to improvements in surgical technique as cataract surgery in dogs has become more routine.

*The immune pathogenesis of phacoclastic uveitis has been extensively studied, but with no universally accepted conclusion*. The current theory is that the release of massive amounts of lens protein overwhelms the anterior chamber--associated immune deviation (ACAID)-dependent tolerance to small, physiologic amounts of lens crystalline antigen. The return of lens-sensitized lymphocytes from the spleen into the perilenticular uvea then initiates both the pyogranulomatous perilenticular inflammation and the proliferative events of healing that, unfortunately, doom the eye. This pathogenesis, if true, explains the typical delay between injury and reaction, and why rapid surgical removal of the lens is preventive. It may also explain the unpredictability of phacoclastic uveitis, especially following small perforations in puppies, which seem often to heal uneventfully. Even in adult dogs, the disease in unpredictable, so owners\' questions about the risk of phacoclastic uveitis as the justification for surgical removal of a perforated lens cannot be answered with certainty. One study found lens removal shortly after perforation prevented serious complications in 6 of 7 dogs thus treated, whereas 5 of 6 dogs treated with aggressive medical therapy lost the eye to complications of uveitis. A more recent study with larger numbers of dogs concluded, however, that prophylactic removal of the ruptured lens was unnecessary in the vast majority of cases. That later study, however, specifically excluded globes with massive lenticular trauma and was unable to measure the actual size of the capsular tears or the amount of lens protein lost.

Two interesting variations on what is basically a canine scheme are seen in rabbits and cats. *Rabbits* suffer what appears to be spontaneous lens capsule rupture of a previously normal lens. The response is well-contained perilenticular granulomatous inflammation very similar to human phacoanaphylactic uveitis. The rupture is associated with the intralenticular presence of *Encephalitozoon,* and it is assumed that the organisms penetrate and thus weaken the posterior lens capsule. *Cats* occasionally develop lesions similar to those in dogs, but also develop a unique feline primary intraocular pleomorphic sarcoma that may arise from metaplastic lens epithelium or from other transformed epithelial elements in the reparative reaction (see [Feline post-traumatic sarcoma](#s0965){ref-type="sec"}). There are 2 reports of similar sarcomas following lens rupture in rabbits.
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### Glaucoma {#s0580}

*Glaucoma is a pathophysiologic state characterized by an increase in intraocular pressure sufficient to cause functionally significant injury to the optic nerve and retina.* Although such increases of pressure may theoretically result from increased production or decreased removal of aqueous, only the latter is known to occur. Glaucoma is not a single disease entity, and the increase in intraocular pressure may result from many different mechanisms and combinations of mechanisms. The lesions in glaucomatous eyes include those related to the pathogenesis of the glaucoma and those resulting from the glaucoma itself. Because most globes submitted for histologic assessment have chronic glaucoma, the lesions that occur secondary to the glaucoma often predominate and serve to obscure the primary lesions.

Glaucoma occurs most commonly in dogs, less commonly in cats and horses, and is rarely documented in other species. The long-term medical and surgical control of glaucoma remains problematic despite extensive treatment with many different therapeutic modalities. Because most affected eyes eventually require enucleation or evisceration, *glaucoma is one of the most frequent ocular conditions submitted for histologic evaluation.*

The most logical way to deal with this complicated disease syndrome is to present the lesions in exactly the same way as one would encounter them when examining a histologic section: to look first at the various lesions that confirm the presence of glaucoma, and only then specifically direct your attention at those changes that might explain the pathogenesis for that particular example of glaucoma.

#### The histologic lesions of glaucoma {#s0585}

Lesions that develop as a result of glaucoma vary with the duration and severity of the glaucoma and the distensibility of the globe, and affect virtually all parts of the globe. *Enlargement of the globe* **(buphthalmos** or **megaloglobus)** occurs most readily in young animals or in those species with thin scleras, such as cats and laboratory animals. In the cornea, increased aqueous pressure injures the corneal endothelium, resulting in *diffuse edema and eventual fibrosis and vascularization.* If buphthalmos occurs, corneal stretching results in rents in Descemet\'s membrane, visible clinically as **corneal striae** ([Fig. 5-54](#f0275){ref-type="fig"} ). These are relatively most frequent in horses and least prevalent in cats with glaucoma. Failure of lids to cover the enlarged globe permits *corneal desiccation and eventual ulceration* with all its sequels. If the ocular enlargement has developed only slowly, the cornea may have time to undergo adaptive keratinization and even cutaneous metaplasia. *Cataract is usual,* presumably the result of stagnation of aqueous humor and subsequent lens malnutrition. Iris and ciliary body undergo bland atrophy, most obvious as thinning and flattening of ciliary processes. Collapse of the ciliary cleft and trabecular meshwork itself is frequent and makes evaluation of these structures for possible goniodysgenesis very difficult. *Migration of corneal endothelium across the face of the pectinate ligament and onto the surface of the iris is commonly seen,* but we do not know whether it is part of the pathogenesis of glaucoma, or just a result of that glaucoma.Figure 5-54**Recent corneal stria** with no evidence of endothelial migration or reconstitution of Descemet\'s membrane.

*The retinal lesions are characteristic. Atrophy begins in nerve fiber and ganglion cell layers* ([Fig. 5-55A](#f0280){ref-type="fig"} ), making glaucoma the only naturally occurring cause of inner retinal atrophy other than the rare instances of traumatic or neoplastic disruption of optic nerve. *Loss of nerve fibers unmasks the normally inconspicuous Muller fibers,* a lesion that may be more easily seen and more confidently interpreted than the loss of the nerve fibers or ganglion cells per se ([Fig. 5-55B](#f0280){ref-type="fig"}). This is particularly true in cats, in which the ganglion cells persist with considerable tenacity under circumstances that would, in dogs, have progressed to a very obvious atrophy. With increasing duration or severity, the inner nuclear layer and its axons and dendrites also atrophy, resulting in thinning of the inner nuclear layer and the blending of this layer with the outer nuclear layer as the plexiform layers (the axons and dendrites of the nuclear layer cells) rarify.Figure 5-55**Retinal changes in glaucoma. A.** Normal canine retina with retinal pigment epithelium (RPE) (left arrow) and tapetum (right arrow). **B.** Traditional glaucomatous atrophy with disappearance of the nerve fiber layer to expose the normally inconspicuous Muller fibers (arrow), disappearance of ganglion cells, but sparing of the inner and outer nuclear layers and photoreceptors. **C.** Full-thickness retinal atrophy in a dog with high-pressure glaucoma. The neurons of the inner and outer nuclear layers have almost completely disappeared. There are no photoreceptors, and the retina adheres directly to the choroid in areas where the RPE has been destroyed. Only where the RPE persists does the retina undergo the usual artifactual detachment.

In dogs with high-pressure glaucoma, there is sometimes *full-thickness retinal atrophy* that even includes damage to the retinal pigment epithelium ([Fig. 5-55C](#f0280){ref-type="fig"}). Although the cause is unknown, it may be that the very high pressure causes collapse of the choriocapillaris, resulting in ischemic damage to those tissues supplied by this delicate but essential capillary layer. This appears to be a uniquely canine susceptibility, in that the glaucomatous retina of other species rarely if ever shows full-thickness atrophy.

*In all species, the dorsal half of the retina is less severely affected than ventral retina.* The basis for this sparing remains speculative, but it may be related to the anatomy of the lamina cribrosa and the ease with which increased intraocular pressure compresses axons as they exit through that scleral sieve.

*The pathogenesis of the selective ganglion cell loss in glaucoma remains controversial,* and there is probably more than one mechanism. The loss may be the result of in situ apoptosis triggered by exposure to elevated retinal and vitreal levels of excitatory amino acids (especially glutamate), a response to pressure-associated ischemic injury, or a result of loss of axoplasmic flow secondary to pressure-induced injury to the optic nerve as it traverses the lamina cribrosa. It is clear that the ganglion cell injury is not directly correlated with the magnitude of the increase in intraocular pressure.

**Excavation ("cupping") of the optic disc** *is a pathognomonic lesion when present,* but its absence does not rule out the diagnosis. It occurs by at least 3 mechanisms, any (or all) of which may explain the cupping in an individual eye. Particularly in animals with a thin sclera and lamina cribrosa, the elevation of pressure may cause rapid posterior bowing of the lamina, resulting in visible cupping without apparent nerve atrophy. This is frequently seen in cats and rabbits, but not in ungulates with their thick, rigid lamina. In all species, cupping also occurs by axonal loss from the optic nerve. The pathogenesis for that axonal degeneration is either direct compression of axons or ischemic injury. It has been suggested that the posterior bowing of the lamina cribrosa contributes to the axonal injury by mechanical pinching of axons or blood vessels as they pass through the distorted lamina ([Fig. 5-56](#f0285){ref-type="fig"} ). This cupping is distinguished from coloboma by the absence of dysplastic neuroectoderm lining the defect and by the presence of inner retinal atrophy. The cup sometimes is filled with fibrillar, PAS-positive material thought to represent degenerate vitreous.Figure 5-56**Cupping of the optic disc.** Posterior displacement of the lamina cribrosa and destruction of the axons populating the optic disc create deep cupping in a dog with chronic glaucoma. The excavation now contains degenerate vitreous, and the surviving optic nerve has profound gliosis.

The lesion predisposing to glaucoma may be the result of *antecedent ocular disease,* particularly intraocular neoplasia and anterior uveal inflammation with posterior or anterior synechiae. Such cases are termed **secondary glaucoma. Primary glaucoma** describes those cases without evidence of prior ocular disease and, in practical terms, is *synonymous with malformation of the filtration angle.* Primary glaucoma is seen almost exclusively in dogs, and vies with neoplasia as the most frequent cause of glaucoma in dogs.

Because the pathogenesis of glaucoma so frequently involves developmental or acquired distortion of the filtration angle, a description of that structure is appropriate here.

The **filtration apparatus** is a series of mesenchymal sieves that occupies the iridocorneal angle, and extends circumferentially around the globe. These sieves appear to form by rarefaction of the same mesenchyme that forms iris stroma, and its rarefaction continues (at least in carnivores) for several weeks after birth. This area of perforated mesenchyme is the **ciliary cleft,** bordered externally by sclera, posteriorly by the muscles of the ciliary body, and internally by the iris stroma and anterior chamber. Its anterior border, at least in dogs, extends for about a millimeter into the deep peripheral corneal stroma just external to Descemet\'s membrane. Its border with the anterior chamber is marked by the **pectinate ligament,** which is visible clinically as a series of cobweb-like branching cords (carnivores) or a fenestrated sheet (ungulates) stretching from the termination of Descemet\'s membrane to the anterior portion of the iris root. They consist of collagenous cords covered by a very thin endothelium, with a thin intervening layer of basement membrane--like material. The endothelium is continuous with the corneal endothelium, and the collagenous core is continuous with corneal stroma.

Aqueous humor percolating through the pectinate ligament into the ciliary cleft must then pass through mesenchymal sieves consisting of collagenous cords covered by phagocytic and pinocytotic endothelium, called the **trabecular meshwork.** The large, open network of cords occupying most of the ciliary cleft is the uveal trabecular meshwork; anterior and external to it is a more compressed network called the corneoscleral trabecular meshwork. Ordinarily, aqueous humor produced by the ciliary processes passes through the pupil, through the pectinate ligament, and then through the uveal and corneoscleral trabecular meshworks en route to the *scleral venous plexus* that will return the aqueous to the systemic circulation ([Fig. 5-57](#f0290){ref-type="fig"} ). Improper development or acquired obstruction of any part of this drainage pathway may result in glaucoma, but one must remember that *the ciliary cleft extends 360 degrees around the iridocorneal angle. Blockage of most of it is required for the development of glaucoma,* and this assessment is virtually impossible with 2-dimensional histologic examination. It is quite common to encounter dog eyes with maldeveloped filtration angles in both the dorsal and ventral portions contained in a routine sagittal histologic section, yet with no evidence of glaucoma. Examination of the circumference of the angle with a dissecting microscope or scanning electron microscope in such cases often reveals the maldevelopment to be segmental and thus not a cause for glaucoma.Figure 5-57**Normal feline filtration angle.***CC,* ciliary cleft; *CSM,* corneoscleral trabecular meshwork; *P,* pectinate ligament; *USM,* anterior border of uveoscleral trabecular meshwork.

Differences exist among species in the finer details of angle structure and in the degree to which alternative routes of aqueous outflow are used. The horse, for example, has very thick pectinate fibers, and an inconspicuous corneoscleral trabecular meshwork and scleral venous plexus. As implied by these histologic features, *the horse uses alternative routes of aqueous outflow* (into iris stroma and especially posteriorly through ciliary muscle and into choroid) that are much more important than similar routes in dogs or cats. In contrast, the *cat* has extremely delicate pectinate fibers, a very large, open ciliary cleft, a conspicuous scleral venous plexus, and minimal (\~3% of aqueous outflow) reliance on alternative outflow pathways. In dogs, alternative drainage routes account for 15-25% of all outflow. The existence of these alternative routes may explain the absence of glaucoma in some eyes (especially in horses) in which the angle changes would ordinarily have resulted in glaucoma, and may even explain the presence of glaucoma in eyes with apparently normal angles but lesions affecting portions of these other potential drainage routes.

Key PointsThe terminology used to describe the filtration apparatus is potentially confusing:The **filtration angle** is simply the geometric angle created by the junction of the iris with the peripheral cornea and sclera.The **ciliary cleft** is the triangular space bordered internally by the base of the iris, externally by the peripheral sclera, posteriorly by the ciliary body, and anteriorly by the anterior chamber that is created by rarefaction of the neural crest mesenchyme that previously created the iris and ciliary body.The **trabecular meshwork** is the actual tissue that occupies the ciliary cleft as a result of that late developmental rarefaction. It is a meshwork of permeable channels lined by trabecular epithelial cells and collagen that carry aqueous humor either outwardly into the scleral venous plexus or posteriorly into draining choroidal veins. This is the only one of these 3 often-confused terms that actually refers to **tissue.**

#### Lesions causing glaucoma {#s0590}

**Primary glaucoma** is most frequently encountered in dogs. Although, theoretically, primary glaucoma may have no visible angle lesion (which is frequently the case in humans), *in dogs there is almost always a readily detected maldevelopment.* The one exception is primary open-angle glaucoma in Beagle dogs, in which there is no visible antecedent lesion. The broad term **goniodysgenesis** encompasses all developmental defects of the filtration angle, of which 2 types account for most canine cases. *The most prevalent is continuation of mature iris stroma across the most anterior face of the trabecular meshwork to insert into the termination of Descemet\'s membrane.* Some consider this an example of **dysplasia of the pectinate ligament,** alternatively known as **imperforate pectinate ligament.** The band is much thicker than pectinate ligament and lacks the appropriate perforation to allow the drainage of aqueous humor. The trabecular meshwork posterior/exterior to this broad mesenchymal band often seems normal, although that is quite variable ([Fig. 5-58A](#f0295){ref-type="fig"} ). It is seen as a *breed-related and thus presumably inherited defect* in Bouvier des Flandres, Basset Hounds, American Cocker Spaniels, Dandie Dinmont Terriers, Siberian Huskies, Samoyeds, Chows, and numerous other breeds. The defect, and the resultant glaucoma, is occasionally seen in mixed-breed dogs. The pectinate dysplasia is usually bilateral but not necessarily of equal extent, perhaps explaining why the glaucoma is often present initially only in one eye. The prevalence of pectinate dysplasia is much higher than the prevalence of glaucoma, and even in dogs with very extensive dysplasia that should seemingly eliminate almost all aqueous drainage, the onset of glaucoma is not until several years of age. It is not unusual to have cases in which clinically detected glaucoma was delayed until 8-10 years of age. Age-related changes in outflow resistance within the alternative routes of aqueous outflow have been postulated as the explanation, as have changes to the angle configuration related to age-related forward movement of the lens. These remain as theories.Figure 5-58**Goniodysgenesis predisposing to primary glaucoma. A. Trabecular dysplasia** represents premature cessation of mesenchymal remodeling, resulting in a persisting spur of iris stroma in place of what should be the pectinate ligament. **B. Trabecular hypoplasia** represents an earlier cessation of mesenchymal remodeling, resulting in virtually no development of the trabecular meshwork. Some cases have concurrent iris hypoplasia or other manifestations of anterior segment dysgenesis, but not here.

Importantly, there appears to be little direct correlation between the severity of the goniodysgenesis and the actual risk of developing glaucoma, its age of onset, or its severity. The extent to which this is true seems to vary by breed, and perhaps the best generalization is that dogs with structurally (i.e., as evaluated by gonioscopy) normal filtration angles have no increased risk of glaucoma, although those that have at least some developmental abnormality are at increased risk. *Continuing to breed dogs with abnormal angles increases the prevalence of glaucoma within that line.* It may be that the goniodysgenesis that is visible clinically and histologically is not the direct cause for the glaucoma, but a marker for some other defect in trabecular development that is the real cause of the glaucoma. Alternatively, the goniodysgenesis may simply act to greatly diminish the reserve capacity in aqueous outflow so that these individuals become susceptible to developing secondary glaucoma under circumstances that would not cause glaucoma in a dog with a truly normal aqueous outflow pathway. Anecdotally, many of these dogs seem to develop glaucoma subsequent to episodes of mild uveitis or ocular trauma that might cause some additional degree of aqueous outflow obstruction simply by accumulation of red cells, fibrin, or leukocytes.

*The second major type of goniodysgenesis is seen as a more fundamental arrest in the maturation of the trabecular meshwork such that the ciliary cleft is filled with tissue resembling primitive anterior uveal mesenchyme* ([Fig. 5-58B](#f0295){ref-type="fig"}). This may occur in conjunction with iris hypoplasia or anterior chamber cleavage syndromes (therefore with concurrent lesions, such as congenital cataract or microphakia, persistent pupillary membranes, or other perilenticular vascular maldevelopment), but it may exist as an isolated defect termed **trabecular hypoplasia.** It has no known familial predilections. Such animals usually have truly congenital glaucoma, in contrast to the adult onset that characterizes the more common breed-associated glaucomas. It is important to note that the remodeling of the trabecular meshwork in dogs and cats continues for several weeks after birth so that one should avoid overinterpreting apparent angle solidification in very young carnivores.

Key PointsThe most common causes of secondary glaucoma in **dogs** are pre-iridal fibrovascular membrane, anterior lens luxation, and direct obliteration of the trabecular meshwork by anterior uveal melanocytoma. In **cats,** the most common causes are diffuse iris melanoma and idiopathic lymphonodular uveitis.

**Secondary glaucoma in dogs** *occurs most commonly as the result of the development of a pre-iridal fibrovascular membrane*. Such membranes reflect nothing more than the development of granulation tissue along the anterior border layer of the iris in response to increased levels of fibroblastic and angiogenic growth factors within the aqueous humor. Because the anterior border of the iris has no tight junctions, such growth factors are readily absorbed into the iris, where they stimulate microvascular and fibroblastic proliferation and migration from within the iris stroma. Ordinarily, a thin membrane of granulation tissue would have little functional consequence, but within the unforgiving environment of the globe this membrane can be devastating. Most commonly, it migrates across the face of the pectinate ligament to create the equivalent of a peripheral anterior synechia and thus secondary glaucoma ([Fig. 5-59](#f0300){ref-type="fig"} ). Alternatively, it may extend from the pupillary margin of the iris to the lens capsule, creating either posterior synechia or outright pupillary block; the pupillary margin of the iris normally floats along the surface of the lens, so iridolenticular adhesion from pre-iridal fibrovascular membrane or even just fibrin alone is always a risk. The most common stimuli for the development of pre-iridal fibrovascular membranes are retinal detachment, intraocular neoplasia (particularly iridociliary tumors), corneal angiogenesis, and chronic uveitis. All result in increased circulating levels of vascular endothelial growth factor within the aqueous humor.Figure 5-59Secondary glaucoma caused by **pre-iridal fibrovascular membrane** covering the face of the pectinate ligament, creating the equivalent of peripheral anterior synechia.

Key PointsAlthough most pre-iridal membranes are fibrovascular membranes triggered by increased circulating vascular endothelial growth factor, we occasionally encounter "other" pre-iridal membranes created by corneal endothelial overgrowth, by migrating lens epithelium following lens rupture, by fibrous metaplasia of injured iridociliary epithelium, or by metastatic stromal sarcoma. Essential for a diagnosis of pre-iridal fibrovascular membrane is the observation of vascular budding and endothelial migration from within the iris stroma.

Less prevalent than pupillary block caused by pre-iridal fibrovascular membrane (at least in histologic specimens) is posterior synechia caused by fibrinous effusion from the iris in the course of any anterior uveitis. With pupillary block of any cause, the continued production of aqueous humor in the presence of pupillary obstruction results in characteristic forward bowing of the iris known as *iris bombé* ([Fig. 5-60A](#f0305){ref-type="fig"} ). Subsequent to the development of *iris bombé*, the glaucoma is therefore caused not only by the initial pupillary obstruction but also by peripheral anterior synechia as the forward bulging of the iris effectively seals the iridocorneal angle. Anterior synechia occurring independently of iris bombé is an occasional cause of secondary glaucoma. Because the iris does not normally contact the cornea, anterior synechia unrelated to iris bombé is frequent only as a consequence of corneal perforation, in which case the iris flows forward as an iris prolapse to seal the defect and may then adhere diffusely to the corneal endothelium ([Fig. 5-60B](#f0305){ref-type="fig"}).Figure 5-60**Secondary glaucoma. A.** Posterior synechia followed by iris bombé, indicating complete pupillary block. Bouin\'s fixative. **B.** Wrinkled lens capsule indicating hypermature cataract or adjacent lens capsular rupture, along with posterior synechia and pupillary block.

*Other frequent causes of secondary glaucoma in dogs include occlusion of the trabecular meshwork by anterior uveal melanocytoma, or pupillary obstruction by vitreal prolapse that occurs subsequent to anterior lens luxation of any cause.* Rarely, lens swelling with cataract (intumescent cataract) seems to occlude the pupil. Posterior migration by corneal endothelium to cover the anterior face of the pectinate ligament and iris is seen quite frequently and may represent an important mechanism for the development of secondary glaucoma, even though the cause for the endothelial migration is usually not obvious. It may be particularly important as a trigger for the still unexplained delayed onset of glaucoma in adult dogs with lifelong goniodysgenesis. The causes of secondary glaucoma in **cats** are very different from what we see in dogs. Greater than 80% of glaucoma in cats can be attributed to 1 of 2 diseases: diffuse iris melanoma and chronic idiopathic lymphonodular uveitis. The former causes glaucoma by direct obstruction of the trabecular meshwork. The mechanism by which idiopathic lymphonodular uveitis triggers glaucoma remains a mystery. It is not by traditional mechanisms such as posterior synechia, which is remarkably rare in cats.

In **horses** *,* the presence of pre-iridal fibrovascular membranes across the pectinate face is the most frequent cause, although the stimulus for the membrane development is unknown in most reported cases. Many horses with glaucoma have a clinical history of previous uveitis, but histologic assessment of the glaucomatous globe usually reveals very little evidence of that inflammation and no obvious connection between the inflammation and the development of glaucoma. In those horses with glaucoma in which the membrane had not apparently crossed the pectinate ligament, glaucoma may have been caused by obstruction of alternative uveal routes of aqueous outflow, which are more important in horses than in dogs or cats.
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Retina {#s0610}
------

When involution of the primary optic vesicle brings into apposition the anterior and posterior poles, the anterior (innermost) neuroectodermal layer undergoes mitotic replication and subsequent specialization to form the *9 layers of the neurosensory retina.* The outermost neuroectoderm remains as a relatively unspecialized simple cuboidal layer, the *retinal pigment epithelium (RPE).* Although it is traditionally considered the tenth retinal layer, its structure, function, and reaction to injury are unlike those of neurosensory retina, and it is best discussed separately. *In this discussion, retina refers only to the neurosensory retina.*

In the fixed, bisected globe, the retina is seen as a thin, opaque membrane lining the posterior half of the globe between vitreous and choroid. It joins the darkly pigmented pars plana of the ciliary body at an abrupt transitional point called the *ora ciliaris retinae*. In all but the best-preserved specimens, the retina is separated artifactually from the RPE and adjacent choroid, remaining adherent only at the ora ciliaris and at the optic disc.

Histologically, the neurosensory retina begins abruptly at the ora ciliaris as a multilayered continuation of the inner layer of the ciliary epithelium. In dogs and sometimes in horses, the layers here are poorly defined and photoreceptors sparse. The peripheral retina is only about half the thickness (100 µm) and has half the photoreceptor density (250,000/mm^2^) of the central retina, with fewer nuclear and plexiform elements and a thin innermost nerve fiber layer.

*The retina consists of 3 structural components: neurons, glia, and vasculature.* The neurons are the functional elements and transmit the photoactivated electrical impulse from photoreceptor process to occipital cortex. *The photoreceptor is the raison détre of the entire globe.* It is a sensory, apical cytoplasmic process of the neurons forming the outer nuclear layer. These processes, called **rods or cones** based upon their shape and ultrastructural composition, extend from the outer nuclear layer toward the choroid. They are enveloped by a glycosaminoglycan interphotoreceptor matrix, and interdigitate with apical processes of the RPE, but no actual adhesions exist between the 2 layers. Within the outer segment of the photoreceptors are stacks of collapsed, disc-like spheres that contain the photoactive chemicals. The discs within rod outer segments are constantly produced basally and shed apically at the rate of 80-100 discs per day, with an outer segment turnover time of 6 days in dogs. Effete disc debris is engulfed and degraded by the RPE. Such turnover has not been demonstrated in the outer segment of cones, which have stacks of lamellae formed by infoldings of the plasma membrane. In addition, cones appear to be of many different types within a single retina. It is probably the ratio of different cones sensitive to different wavelengths of light that permits the visual cortex to discriminate color. *In general, fish, amphibia, reptiles, and birds have excellent color discrimination. Ungulates can distinguish yellows, blues, and, variably, green and red. Carnivores have very limited color perception, as far as can be determined.*

**Other retinal layers** are best described in terms of function ([Fig. 5-61](#f0310){ref-type="fig"} ). The photoelectric stimulus originating in the photoreceptor outer segment is transmitted through the outer nuclear layer and along the axons of the photoreceptor nuclei to the bipolar and horizontal neurons of the *inner nuclear layer. The* accumulation of outer nuclear layer axons and inner nuclear layer dendrites forms the *outer synaptic or plexiform layer.* The inner nuclear layer contains the nuclei of the bipolar, horizontal, amacrine, and glial (Muller) cells. The bipolar cells receive impulses from the photoreceptors and relay them to ganglion cells. The bipolar cells also stimulate the horizontal cells, which transmit the impulse horizontally to excite adjacent bipolar cells. Amacrine cells counterbalance the bipolar cells in that their stimulation releases an inhibitor of ganglion cell excitation. The glial cells are primarily structural support cells, whose processes traverse the retina to form the retinal scaffold, and their anterior and posterior terminations fuse to form the inner and outer limiting membranes. The axons of the bipolar and amacrine cells, dendrites of ganglion and horizontal cells, and glial processes form the thick *inner synaptic or plexiform layer.* The *ganglion cell layer* is the thinnest and innermost of the neuronal layers. Large, granular neurons form a single and often sparse layer, supplemented by a few astrocytes, which become bilayered in the area centralis to accommodate the marked increase in photoreceptor density. The *density of ganglion cells predicts, in a general way, visual acuity.* They are most closely packed in animals requiring fine visual discrimination (most birds, predatory fish, many reptiles). In contrast, they are sparse in ungulates who do not feed by sight but who flee at anything that moves. Their axons form the *nerve fiber layer* that gradually increases in thickness toward the optic disc. In most animals, the fibers are not myelinated until they reach the optic disc. The nerve fiber layer is separated from the vitreous by an *internal limiting membrane* formed by the terminations of the Muller fibers and a true basal lamina.Figure 5-61**Histologic counterpart of a normal canine fundus.** From inside out: normal retina, retinal pigment epithelium (arrow), tapetum (T), choroid (C), and sclera (S).

The organization of the **retinal vasculature** is an important variable in ophthalmoscopic examination, both because vascular abnormalities are frequent signposts of disease and because normal species variation can erroneously be diagnosed as disease. Carnivores, ruminants, and swine have large venules and smaller arterioles radiating from the optic disc to the peripheral retina. The horse has \~60 thin, short vessels extending from the disc for \~5 mm into surrounding retina. In dogs and cats, the major vessels lie within the deep half of the nerve fiber layer and the ganglion cell layer. In ruminants and pigs, the vessels are very superficial and bulge into the vitreous, covered only by a thin layer of nerve fibers and basal lamina. The retinal vessels form an end-artery circulation that supplies the inner layers of the retina. The photoreceptors and outer nuclear layers are avascular and receive nutrients primarily by diffusion from choroid. Such dependence cannot be absolute (except in horses) because degeneration of these outer layers is surprisingly slow (weeks to months) following retinal separation. In contrast, occlusion of a retinal vessel results in focal infarction of the inner retina within \<1 hour.

The blood vessels also participate in the *blood-eye barrier,* similar to that already described for the uvea. The tight endothelial junctions and junctions between adjacent retinal pigment epithelial cells conspire to create a retina that is immunologically isolated from non-ocular tissues in a manner similar to that described for the uvea. Like the uvea, such a barrier is likely not absolute, and the various retinal antigens are likely to be neither totally sequestered nor absolutely unique to the retina. Saline extracts of retina yield the retinal S antigen, and the interphotoreceptor retinoid-binding protein is another antigen that may be important in the initiation or perpetuation of degenerative (see [Retinal degeneration](#s0645){ref-type="sec"}) or inflammatory retinopathies.

The **retinal pigment epithelium** extends from the ora ciliaris to the optic disc as the posterior continuation of the outer layer of ciliary epithelium. It forms a simple cuboidal epithelial layer that is separated from the choroid by a complex basal lamina, *Bruch\'s membrane.* The apical border interdigitates with the photoreceptors, with an average of \~30 photoreceptors contacting a single pigment epithelial cell, but forms no junctional complexes. The inclusion of the adjective "pigmented" is something of a misnomer in domestic species except the pig, inasmuch as the epithelium overlying the tapetum contains no cytoplasmic pigment granules. This seemingly insignificant layer plays a major role in embryologic induction of the eye as previously described, and also plays a crucial role in the nurturing of the photoreceptors throughout life. The pigment epithelium engulfs and degrades obsolete rod and cone outer segments, absorbs light to protect photoreceptors, synthesizes and degrades part of the glycosaminoglycan matrix enveloping photoreceptor outer segments, and participates in the vitamin A--rhodopsin cycle. Which of these functions are most essential for photoreceptor health is still unclear.

The **ocular fundus** *is a clinical term describing those ophthalmoscopically visible portions of the posterior globe, excluding vitreous.* The fundus is commonly divided into dorsal tapetal and ventral nontapetal fundus, with the optic disc usually at the junction of the two. The retina, although almost transparent, does absorb some incident and reflected light to dull somewhat the fundus reflection ophthalmoscopically. Areas of retinal atrophy absorb less light and are seen as areas of increased tapetal reflectivity. Preretinal or subretinal exudates, conversely, increase light absorption and are seen as focal fundic opacities. Developmental or acquired absence of tapetum allows black choroidal pigment to be seen. More severe choroidal lesions may be seen as red choroidal vasculature or even pink sclera obscured by variable amounts of residual pigment. Particularly in dogs, cats, and horses, selective breeding has made hypoplastic variations in amount and pigmentation of choroid and tapetum normal for particular breed or color varieties.

The **general pathology of the retina** is often said to resemble that of the brain. Although this is undoubtedly true inasmuch as retina is merely an extension of the brain, the prevalence of such lesions as malacia, nonsuppurative perivascular cuffing, and proliferative microgliosis within the retina is very low compared to the brain. Although no actual data are published, *most animals with encephalitis do not, in fact, have concurrent retinitis. Retinal inflammation is most often the result of spread from choroid or across the vitreous from anterior uvea.* Degenerations are much more common than inflammations and are not usually accompanied by inflammatory reaction. The mature mammalian retina has no capacity for regeneration of entire neural cells, although photoreceptor outer segments and glia may be replaced if destroyed in the course of degenerative or inflammatory disease. Even the fetal retina has poor regenerative capacity, as evidenced by the prevalence of retinal dysplasia following prenatal or neonatal retinal injury. Retinal repair is by proliferation of inner layer astrocytes that eventually form a dense glial scar. Occasionally, the astrocytes proliferate along the vitreal face of the retina, forming a preretinal fibroglial membrane. Similar subretinal membranes are seen with chronic detachments and originate from RPE or Muller cells. The RPE retains mitotic ability. When injured, these cells respond with hypertrophy, hyperplasia, and fibrous metaplasia. The presence of pigment in the neuroretina is frequent in instances of retinal atrophy, most probably derived from migration of retinal pigment epithelial cells into the adjacent retina.

**Autolytic changes** are visible within retina within 30 minutes of death, and within a few hours are of sufficient magnitude to interfere with the diagnosis of retinal degenerations. The earliest histologic change is pyknosis of a few nuclei in outer and inner nuclear layers, and loss of uniform density of the photoreceptor layer. Progressive dissolution of the photoreceptor outer segments results in retinal separation. Nuclear layer pyknosis and ganglion cell chromatolysis are widespread within 4-6 hours. *By 12 hours, retinal separation is complete and the extensively folded retina, with autolytic photoreceptors, may mimic genuine retinal separation.* The extensive pyknosis within both nuclear layers distinguishes the two, being absent in antemortem separation (see later for other criteria). By 18 hours after death, the retina is represented by a barely separable bilayer of pyknotic nuclei suspended in a pale, eosinophilic foamy matrix representing fragmented nerve fiber and plexiform layers.

### Overview of retinal histopathology {#s0615}

The large amount of information about the causation and clinical features of the various retinal diseases is intimidating and serves to obscure the *fundamental simplicity of retinal histopathology.* The vast majority of retinal lesions fall into 3 categories: *inflammatory disease* as part of endophthalmitis; *photoreceptor degeneration* from inherited metabolic disease, detachment, or toxicity; and *inner retinal atrophy* (particularly ganglion cells) as a result of glaucoma. The angst over retinal histopathology can be further reduced by recognizing that many diseases of different pathogenesis share the same histologic appearance. For example, there are dozens of inherited photoreceptor diseases of dogs, yet they all look histologically identical. Most are even ultrastructurally identical. Furthermore, photoreceptor degeneration resulting from inherited retinopathy looks histologically identical to atrophy resulting from excessive exposure to light, from chemical toxicity, and even from retinal separation.

Key PointsBy far the most common clinically significant retinal lesions encountered in surgically enucleated *canine* globes are glaucomatous atrophy and photoreceptor degeneration secondary to retinal detachment.The most common retinal lesions in *feline* enucleated globes are glaucomatous atrophy and mild lymphocytic perivascular retinitis occurring in sympathy to idiopathic lymphonodular anterior uveitis.

### Retinal separation {#s0620}

The retina is firmly attached in the globe only at the ora ciliaris and at the optic disc. *When the retina separates, it does so by cleaving photoreceptors from their interdigitations with the RPE.* Separation may occur as the result of accumulation of inflammatory exudates, transudates, tumor cells, or helminths between RPE and photoreceptors, by contraction of a cyclitic membrane, or by the subretinal leakage of liquefied vitreous through retinal tears. Such tears may result from orbital trauma or from progression of peripheral cystic retinal degeneration. The latter is relatively common in man but not in domestic animals despite the frequent occurrence of microcystoid retinal degeneration in the peripheral retina of dogs ([Fig. 5-62](#f0315){ref-type="fig"} ) and, less often, of horses.Figure 5-62**Peripheral microcystoid retinal degeneration,** a normal aging change in dogs that represents the risk of creating peripheral retinal holes and predisposing to rhegmatogenous retinal detachment.

The diagnosis of retinal separation in fixed specimens is complicated by the ease with which retinal separation can be induced by delayed fixation or improper handling of globes. The credibility of the diagnosis is greatly enhanced by the presence of subretinal exudates or cyclitic membranes, but in their absence, the diagnosis rests upon the observation of photoreceptor outer segment degeneration, hypertrophy and hyperplasia of pigmented epithelium, and the development of marked edema in inner nuclear, ganglion cell, and inner plexiform layers ([Fig. 5-63A](#f0320){ref-type="fig"} -C). Hypertrophy of the RPE is the most rapid change, occurring within a few hours of separation. The edematous changes are visible with the light microscope as early as 3 days following experimentally induced separation in owl monkeys. Coalescence of the edema creates a virtual cleavage of inner from outer retina, called retinoschisis. The cleavage is spanned by the radial Muller fibers, which seem the only anchors holding the retina together. Photoreceptor degeneration is slower to appear under the light microscope, with loss of outer segments (probably the most subtle change that can be unequivocally diagnosed with routine light microscopy) visible by \~14 days after experimental saline-induced "exudative" retinal detachment. It is probably much faster than that when the exudate is full of noxious byproducts of cell necrosis and inflammation, but no precise figure is available. Inner segments and the cell bodies of the outer nuclear layer are almost unaffected and may remain so for months, suggesting that their maintenance is not so intimately linked to the pigment epithelium as is the case with the outer segments. This temporal hierarchy of change permits reasonably accurate aging of retinal separations, sometimes a necessary or at least interesting assessment in eyes enucleated after numerous clinical examinations or manipulation. The outer retinal lesions are apparently not ischemic inasmuch as there is very little necrosis and no similarity to the lesion induced by retinal artery occlusion. Perhaps the outer layers can survive by diffusion of oxygen and nutrients from the subretinal fluid or from vascularized inner layers, and indeed, the speed of photoreceptor atrophy varies with the height of the separation. An exception is seen in horses, inasmuch as the horse retina depends almost entirely on choroidal diffusion for oxygenation. Separation in this species results in rapid, full-thickness retinal infarction ([Fig. 5-64](#f0325){ref-type="fig"} ). A very frequent lesion in horses is focal, linear, or multifocal chorioretinal glial scarring with pigment migration and fibrous metaplasia of RPE, a lesion that is probably a healed infarct following traumatic separation or thromboembolic disease.Figure 5-63**Retinal detachment. A.** Complete "morning glory" retinal detachment. **B.** Lymphocytic retinitis causing serous retinal detachment with resulting hypertrophy of the retinal pigment epithelium (RPE) and ischemic atrophy of photoreceptors. **C.** Higher magnification of hypertrophy of the RPE secondary to a lymphocytic choroiditis causing exudative retinal detachment.Figure 5-64**Focal traumatic retinal separation** causing retinal infarction following head trauma in a horse.
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### Retinal degeneration {#s0645}

Retinal degenerations include a long list of important noninflammatory retinal diseases, but only a small portion of these are likely to be seen in routine diagnostic submissions. The largest group is bilateral inherited photoreceptor disease in dogs of many different breeds. Although clinically important, especially when screening for retinal disease in breeding programs, globes with inherited retinal degenerations and dystrophies are rarely sampled for routine histopathology. In turn, routine histopathology does not discriminate among the many different diseases included within this broad group. Such discrimination requires genomic evaluation, electron microscopy, or in vivo functional assessment. For this reason, this important group of clinical diseases is given only brief discussion here, and interested readers can consult the Further reading section for guidance to more exhaustive discussions elsewhere.

Additional common examples of retinal degeneration, listed more or less in order of prevalence within a diagnostic caseload, include glaucomatous retinal atrophy, photoreceptor atrophy secondary to retinal detachment, and hypertensive retinopathy. Uncommon examples of retinal degeneration include light-induced retinopathy, various toxic retinopathies, and a few examples of nutritional retinopathy.

Retinal degenerations, as encountered histologically, can be divided into those examples specifically targeting the photoreceptors (inherited retinal atrophies, retinal detachment, light-induced retinopathy, and most toxic and nutritional retinopathies) and those causing panretinal degeneration (glaucoma and vascular hypertension). Those examples caused by glaucoma or retinal detachment are usually unilateral; all the rest are bilateral.

### Inherited photoreceptor dysplasias and degenerations in dogs {#s0650}

Formerly grouped under the broad but imprecise umbrella of progressive retinal atrophy (PRA), these diseases are now more correctly divided into photoreceptor dysplasias and degenerations that differ in terms of the usual age of onset (juvenile vs. adult), the exact cells that are targeted (rods only, cones only, or a combination), the mode of inheritance (most are autosomal recessive), the molecular pathogenesis, and (when known) the defective gene. In broad terms, the photoreceptor dysplasias are those diseases in which the degenerative changes are detectable prior to the cessation of postnatal photoreceptor maturation; photoreceptor degenerations are those diseases with later onset (and sometimes much later). Histologically, almost all are seen as bilateral progressive atrophy of the photoreceptors. A few are nonprogressive, and a few are purely biochemical diseases with no histologic counterpart. Most of the diseases initially target rods and are therefore seen initially as night blindness (sometimes as early as 2-3 months of age). The rate of progression to complete blindness is highly variable, depending on the exact disease syndrome. The degenerative changes progress from initial disappearance of photoreceptors to eventually involve thinning and then disappearance of the outer nuclear layer and eventually even the inner nuclear layer. There are a few examples that typically are nonprogressive, especially those with preferential cone dysplasia.

Biochemical changes detectable via electroretinography always precede histologic lesions, and many of these diseases can now be detected by genomic analysis that offers a huge advantage of pre-breeding identification of carrier animals in addition to those destined to be clinically affected. Constantly expanding lists of the affected breeds, the specific biochemical abnormalities underlying the photoreceptor dysplasia or degeneration, and the availability of various diagnostic tests can be found in any of the clinical ophthalmology textbooks listed in the Further reading section. The latest lists contain \>100 breeds, and, quite clearly, a detailed description of the retinopathy for each of these breeds is beyond the scope of this text. These lists, like all published lists of genetic diseases, suffer from not necessarily reflecting what are sometimes dramatic geographic or temporal variations in overall prevalence within the breed, and in some cases, the presence of a breed on that list may reflect just a single kennel "outbreak" that has perhaps unfairly stigmatized the entire breed. Once a breed is placed on "the list," it seems there is no mechanism for it ever to be removed!

### Other examples of inherited photoreceptor degenerations and dysplasias {#s0655}

Examples of inherited photoreceptor dysplasias and degenerations that do not follow the usual general description include cone dysplasia, canine multifocal retinopathy, and RPE dystrophy.

A specific **cone dysplasia** is seen in Alaskan Malamutes, Gordon Setters, and German Shorthaired Pointers. These dogs develop day blindness as early as 2-3 months of age, but that disease is nonprogressive, and rods do not become affected. The ocular fundus is normal on clinical inspection, but these dogs have profoundly abnormal electroretinograms. Because rod function remains normal, these dogs are not blind, and such globes are virtually never available for histologic assessment.

**Canine multifocal retinopathy** is an inherited disease originally described in Great Pyrenees, but subsequently has been seen in a number of other breeds. Puppies \<6 months of age are presented with acute multifocal serous detachment that may occasionally involve detachment of RPE from the underlying choroid. These cystic detachments may slowly enlarge over the next few months, remain unchanged, or even regress. The pathogenesis is unknown, but the defective gene has been identified.

**Retinal pigment epithelial dystrophy** (formerly known as central PRA) is today a relatively rare disease that initially targets the RPE, but, of course, destruction of the RPE will inevitably result in secondary degeneration of the photoreceptors that depend on the RPE for their well-being. It is a poorly understood syndrome that probably reflects more than one disease, and it has wide geographic variation in terms of prevalence. At least historically, England was always the country with greatest prevalence, and the disease had by far the greatest relative prevalence in Briards. Its current prevalence is unknown, but thought to be much lower than when first reported 30 years ago. The failure by the defective RPE to engulf and enzymatically degrade effete photoreceptor material results in a gradual buildup of intracellular lipopigments throughout life. Associated with the pigmentary accumulation, the epithelial cells hypertrophy. Photoreceptor outer segments adjacent to hypertrophic pigment epithelium degenerate. As the lesion progresses, hypertrophy and hyperplasia of RPE give rise to dysplastic pigmented cell clumps. Within such clusters, there may be an eosinophilic, hyaline, PAS-positive concretion resembling drusen. This material, rather frequent in ophthalmic specimens from people with a variety of degenerative retinal or choroidal diseases, is a concretion of excess basal lamina produced by the RPE. The eventual histologic lesion in affected dogs is a *monolayer of hypertrophic, lipochrome-rich pigment epithelial cells with multifocal hyperplastic clumps.* Retina has atrophy of photoreceptors and outer nuclear layer, and some irregular gliosis. Pigment-laden cells may invade the retina.

The mode of transmission is autosomal recessive in those breeds for which it is known. An interesting speculation, based upon morphologic similarities, is that the disease represents a defect in vitamin E metabolism within pigment epithelium.

### Inherited retinal degeneration and dysplasia in cats {#s0660}

Inherited retinal dysplasias and degenerations have been reported as sporadic occurrences in a variety of cat breeds, but only in the *Abyssinian breed* has the syndrome been adequately studied. In this breed, there are 2 different diseases: *early-onset rod-cone dysplasia,* and *late-onset retinal degeneration* affecting rods much sooner than cones. The early-onset dysplasia is inherited as an autosomal dominant trait. It is histologically and ultrastructurally similar to the disease in Irish Setter dogs, and a similar defect in the activity of cyclic guanosine monophosphate (cGMP) phosphodiesterase has been reported. Affected cats are blind by a few months of age.

The late-onset retinal degeneration is inherited as an autosomal recessive, and affected cats progress slowly to blindness by 5-10 years of age. The earliest structural changes are in rod outer segments in peripheral retina, with jumbling of the rod discs and patchy blunting of the photoreceptors themselves. Only after many years is there histologically detected diffuse photoreceptor loss.

### Non-inherited retinal degenerations {#s0665}

**Sudden acquired retinal degeneration** is *an enigmatic, rapidly progressing photoreceptor degeneration that is histologically identical to the inherited progressive retinal atrophies. Blindness occurs very rapidly (over a period of a few days to a few weeks). Affected dogs are adult or even elderly, and the disease can affect any breed or crossbreed.* The fundoscopic lesion is bilaterally symmetrical and diffuse across the retina, but histologic studies of the early lesions are very few. The cause is unknown, but the presence of the retinal disease is linked to systemic signs of polyuria, polydipsia, and elevated serum cholesterol and alkaline phosphatase. Some, but not even the majority, of the affected dogs have adrenal cortical hyperfunction. How this malfunction causes the irreversible retinopathy, if indeed it does, is unknown. Results of studies to demonstrate circulating anti-retinal autoantibodies have been contradictory and inconclusive.
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### Light-induced retinal degeneration {#s0690}

*Light of various wavelengths has a variety of injurious effects on cornea, lens, or retina that vary with the wavelength, duration, and intensity of the light.*

The effects also vary with a large but poorly understood group of animal variables that include ocular pigmentation, habitat, previous experience with photoperiod, nutrition, body temperature, age, and, most obviously, species. The wavelength of light has the greatest effect; short wavelengths in the *ultraviolet (UV) and blue range* (up to \~475 nm) have the greatest energy per photon and are the most damaging. Fortunately, most of these wavelengths are absorbed by cornea and lens, so that their lethal effects on retina are seldom seen. They may cause corneal epithelial injury or cataract, although these effects are apparently rare in domestic animals (see [Cataract](#s0385){ref-type="sec"}).

In people, accidental exposure to light from arc welding, solar eclipses, or ophthalmic examination or operating equipment (including lasers) creates the potential for rapid injury from mechanical disruption or heat. Although such damage is certainly possible in other animals, most naturally occurring lesions result from the additive effects of much less intense UV and short-wavelength visible light because of unnatural photoperiods. Animals with poorly pigmented eyes, and those adapted for nocturnal vision, are most susceptible. Susceptibility also increases with age and with temperature.

The initial lesion is disruption of rod outer segment discs, with eventual destruction of all photoreceptors and their nuclei. Because the lesion is identical to most inherited, nutritional, and toxic retinopathies, *the diagnosis is made on the circumstantial evidence of abnormally bright light, abnormally long-light photoperiod, or a rapid change in photoperiod.* Most instances occur with rodents or fish kept in continuous fluorescent light. Albino rodents or deepwater fish are, predictably, the most susceptible.

The mechanism by which visible light of moderate intensity damages the retina is still incompletely understood, and different experimental models give rise to different theories. Most studies use blue light in the 400-475 nm range, which, unlike shorter UV wavelengths, is not filtered out by the cornea or lens. The most popular theory is that of light-induced oxidation of the very abundant polyunsaturated long-chain fatty acids of the rod discs, with the generation of free radicals to then cause cell membrane damage. This theory gains support from studies showing a protective effect by vitamin C or E, and enhanced injury under conditions of retinal hyperoxia.

### Nutritional retinopathy {#s0695}

Nutritional causes of retinal degeneration include deficiencies of *vitamins C, A, or E,* and the amino acid, *taurine.* Retinal atrophy and cataracts have been seen in fish with a dietary deficiency of vitamin C. The lesions were thought to be light induced, with the fish unusually susceptible because of the deficiency in the antioxidant effects of the vitamin. The ocular lesions of vitamin E deficiency resemble those of retinal pigment epithelial dystrophy and were referred to briefly under that heading. Pups fed severely deficient diets develop night blindness within \~6 weeks, and an extinguished electroretinogram suggestive of diffuse photoreceptor damage. These last 2 effects are not seen in naturally occurring central retinal atrophy. Retinopathy has been described in primates and dogs fed rations deliberately and severely deficient in vitamin E. *Lipofuscin,* seen as eosinophilic cytoplasmic inclusions, accumulated to excess in the pigment epithelium, and was followed by hypertrophy of the pigment epithelium and degeneration of photoreceptor outer segments. Eventually, there was full-thickness central retinal atrophy and some small foci of retinal separation. Retinal degeneration with ceroid-lipofuscin accumulation in the retinal pigment epithelium has also been noted in vitamin E--deficient horses, but did not appear to cause visual impairment.

#### Hypovitaminosis A {#s0700}

Retinopathy caused by hypovitaminosis A is seldom encountered except in growing cattle or swine kept in confinement and fed a ration deficient in the vitamin over months or years. Grains other than corn (maize) are very poor sources of vitamin A, and the level in corn falls markedly with prolonged storage. Green pasture is very rich in carotene, which is converted to vitamin A by intestinal epithelium. Hay that is excessively dry, leached by rain, cut late in the year, or stored for prolonged periods is a much less adequate source. In most pastured animals, the liver reserves are sufficient to prevent clinical signs of deficiency for at least 6 months and often up to 2 years. Young, rapidly growing animals have greater requirements and smaller stores of the vitamin and are thus more susceptible than adults.

Hypovitaminosis A affects bone remodeling and causes epithelial cell atrophy and defects in synthesis of rhodopsin. Ocular lesions can result from each of these 3 defects.

As previously discussed, *maternal deficiency of vitamin A causes blindness in offspring resulting from defective remodeling of optic nerve foraminae and subsequent ischemic or pressure atrophy of the nerve.* In piglets, there may be massive ocular dysplasia and such anomalies as cleft palate, skeletal deformities, hydrocephalus, epidermal cysts, genital hypoplasia, and anomalous hearts. Optic nerve atrophy is preceded by optic disc swelling (papilledema), and followed by atrophy of nerve fiber and ganglion cell layers. This sequence of events may occur if very young animals are on deficient diets, with the optic nerve changes being caused in part by stenosis of optic foramen and in part by increased cerebrospinal fluid pressure that itself results from atrophy and metaplasia of arachnoid villi. The papilledema precedes optic nerve necrosis and is reversible. The corneal lesions of hypovitaminosis A have received scant attention and are seldom seen in natural outbreaks.

*The acquired ocular effect of hypovitaminosis A involves photoreceptor outer segments.* The ophthalmoscopic lesion is multifocal retinal atrophy and scarring in animals with slow or absent pupillary light reflex and apparent blindness. The histologic lesion is patchy-to-diffuse photoreceptor atrophy that first affects the rod outer segments. Night blindness is thus the initial complaint and is often the chief complaint about a deficient herd. Eventually, the atrophy affects all photoreceptors and their nuclei, and may progress to full-thickness atrophy with scarring. The lesions have been produced in all domestic species on specially formulated diets, but naturally occurring retinal lesions are almost restricted to cattle with chronic deficiencies.

The pathogenesis of the photoreceptor atrophy demonstrates the structure-function interdependence of retinal cells. Vitamin A is converted to retinene and then to the glycoprotein rhodopsin. Rhodopsin is stored as a component of the lamellar discs of the outer segment. Light initiates a physicochemical change in rhodopsin, resulting in a cascade of events culminating in the hyperpolarization of the outer segment membrane. The resultant electrical impulse is transmitted to bipolar cells, ganglion cells, and then to brain. *Deficiency of vitamin A necessarily results in a deficiency of rhodopsin.* The corresponding ultrastructural lesion is swelling, then fragmentation of lamellar discs that can be reversed by therapy with vitamin A, unless inner segments have also been affected. Regeneration simulates normal development and requires \~2 weeks to rebuild outer segments completely. Vitamin A is discussed further in Vol. 1, Bones and joints.

#### Taurine-deficiency retinopathy {#s0705}

*Retinal degeneration caused by taurine deficiency is seen only in cats,* although taurine is the predominant free amino acid in the retina of other species. Among domestic mammals, only the cat seems unable to synthesize taurine from cysteine in amounts adequate for retinal function. Taurine is considered a dietary essential for cats, and its deficiency results in *characteristic central retinal atrophy* and in *myocardial failure* (see Vol. 3, Cardiovascular system). Changes in commercial diets, and better recognition of the risk of diseases related to taurine deficiency, have almost eliminated this disease.

The ocular lesion of taurine deficiency was first detected in cats fed semi-purified diets in which casein was the only protein. After several months, such cats developed focal retinal atrophy adjacent to the optic disc, which progressed to generalized retinal atrophy. Supplementation with taurine halted but did not reverse the lesion, presumably because photoreceptor nuclei or inner segments already had been damaged. The clinical and histologic features of this newly recognized nutritional retinopathy were virtually identical to those that had already been recognized in an idiopathic, naturally occurring disease of cats called *"feline central retinal degeneration."* It is assumed that the 2 diseases are actually the same, although that may not be true in every single instance. At least some of the cases of idiopathic central atrophy were associated with the feeding and of dry dog food, which (for a cat) is deficient in taurine.

The clinical lesion is a *focal lesion of tapetal hyper-reflectivity* that is bilateral, dorsolateral to the optic disc, and is usually unassociated with visual impairment. *The histologic lesion is photoreceptor degeneration,* initially targeting cone outer segments but eventually affecting rods as well. The rods of the peripheral retina are the last to degenerate. Taurine also seems essential for membrane integrity of the tapetal reflective rodlets, so that dissolution of the membrane surrounding these crystalline intracytoplasmic inclusions is another characteristic lesion. Less clear is the association of taurine deficiency with diffuse retinal atrophy in cats.

*Familial atrophy* occurs in Abyssinian and Persian cats, but most cases are of unknown cause. Continued deficiency of taurine leads to diffuse retinal atrophy and thus might be responsible.

### Toxic retinopathies {#s0710}

Experimental toxic retinopathies have been caused by many chemicals and toxic plants, but only a few toxic plants cause important diseases of domestic animals.

**Bracken fern** *(Pteridium aquilinum)* causes progressive retinal degeneration in sheep in several areas of Great Britain. The common name "bright blindness" refers to pupillary dilation and tapetal hyper-reflectivity of the severely affected sheep. The disease has been seen only in flocks grazing hills rich in bracken fern, and has been reproduced by prolonged feeding of the fern to sheep. A similar syndrome has been noted in cattle during long-term exposure to the fern. The lesion is usually seen in middle-aged or older sheep as bilateral and initially central tapetal hyper-reflectivity. Diffuse involvement follows. *The histologic lesion is nonspecific, consisting of photoreceptor outer segment degeneration progressing to depletion of all retinal layers.*

Blindness is one of the features of intoxication with **locoweed (** *Astragalus* and *Oxytropis* spp.) in the United States; **darling pea** (*Swainsona* spp.) and **blind grass** (*Stypandra* spp.) in Australia; and **selenium indicator plants** worldwide.

*Astragalus* and *Swainsona* cause a *neurovisceral lysosomal storage disease* analogous to genetically transmitted mannosidosis (see Vol. 1, Nervous system). All members of the genus *Swainsona* contain an indolizidine alkaloid, swainsonine, which is a potent inhibitor of lysosomal mannosidase. At least some *Astragalus* spp. contain a similar alkaloid. Chronic ingestion of the plant occurs in cattle, sheep, and horses forced to eat the plants on dry pastures where nothing more palatable is available. Affected animals develop behavioral abnormalities and defects of gait and vision. The histologic lesion consists of widespread cytoplasmic vacuolation in most organs because of the intralysosomal accumulation of mannose-rich oligosaccharides. Onset of clinical signs may require several months of heavy *Swainsona* ingestion, but ultrastructural vacuolation is seen within a few days. The ocular lesion is, as elsewhere in the central nervous system, vacuolation of neuronal cytoplasm, and, later, axonal degeneration. The vacuolation is readily reversible upon cessation of ingestion of the plant and seems not to be the lesion responsible for clinical signs. The axonal degeneration is not reversible and is probably the more important lesion. Whether blindness is retinal or central in origin is unknown.

Poisoning with *Stypandra* spp. occurs in sheep and goats on dry pastures in southwestern Australia. The plant is among the first to reappear after autumn rains end the drought, and is eaten if nothing better is available. Acute intoxication is frequently fatal. Animals surviving the acute stage become blind and ataxic. In retina, there is diffuse photoreceptor atrophy and patchy hyperplasia of retinal pigment epithelium (RPE). Axonal degeneration is found within the optic nerve and elsewhere within the central nervous system.

The colloquial term *"blind staggers" refers to chronic intoxication of sheep and cattle with plants known to accumulate organic selenium selectively.* Affected animals wander aimlessly, become weak and ataxic, and are finally paralyzed prior to death. There is some question as to whether blindness is genuine or merely the result of stupor. Ocular lesions are not described. The syndrome of blind staggers does not occur in experimental selenium toxicity, and it is possible that the syndrome is of much more complex pathogenesis than simple selenium toxicity. Plants of the genera *Astragalus* and *Oxytropis* are selenium accumulators as well as sources of swainsonine-like alkaloids.

**Mycotoxicosis** associated with the consumption of *Corallocytostroma* sp. fungus on Mitchell grass is reported to cause "black soil blindness" in cattle in Australia. The disease presents as rapidly progressive blindness and death. The histologic lesion is not described.

Photoreceptor degeneration has been described in cats treated with the antibiotic **enrofloxacin.** Initial reports suggested that this was an idiosyncratic reaction because the toxicity occurred after administration of the drug at recommended dosages. Subsequent analysis suggests that this is a direct toxicity that occurs when the retina is exposed to unusually high levels of this widely used antibiotic, even when administered at the daily recommended dosages (subsequently revised). Retinotoxic levels are likely to be reached when the drug is given by rapid intravenous infusion or when given to cats with impaired renal or liver function that may not properly metabolize and eliminate the drug. *Toxicity is thus most likely to be seen in old cats receiving prolonged therapy.* Similar retinal toxicity is likely to be shared by other fluoroquinolone antibiotics. Most cats had clinically obvious visual impairment within a few weeks of drug administration, and the blindness was permanent in most cases.

### Miscellaneous retinopathies {#s0715}

*Retinal lesions are found in a number of metabolic disorders and systemic states.* Best known among these is diabetes mellitus, but retinal lesions are found also in any of the neuronal storage diseases, coagulation disorders, anemia, disseminated intravascular coagulation, hyperviscosity syndrome, hypertension, and following excessive exposure to oxygen or light.

**Diabetes mellitus** is *the major cause of blindness in people in North America. The cause of the blindness is chorioretinal vascular disease with subsequent retinal degeneration.* The characteristic lesions are seen only in patients with diabetes of 10-15 years duration. Even though virtually all chronic diabetics develop some retinal lesions, \<10% become blind. Blindness is strongly predictive of the development of fatal diabetic nephropathy. Lesion development is not prevented by insulin replacement. Other ocular lesions include cataract, rubeosis iridis, glycogen-induced vacuolation of iris epithelium, and massive thickening of the ciliary basal lamina. The corneal epithelium may be unduly fragile, and tear production may be reduced.

The retinal lesion in people is mostly the result of microvascular disease. Loss of retinal pericytes, development of microaneurysms, thickening of capillary basal lamina, and retinal hemorrhages constitute the early, degenerative phase of the retinopathy. This is followed by a proliferative phase in which more capillary aneurysms, arteriolar-venular shunts, and neovascularization occur as the presumed responses to retinal ischemia. The neovascularization is initially bland and confined to the retina, but later there is extension into preretinal vitreous with accompanying fibroplasia (retinitis proliferans). Hemorrhages and hyalinized collections of leaked plasma are common in the retina.

*In nonprimates, the naturally occurring retinopathy is seen only in dogs and, even then, infrequently*. This low frequency may be due to the fact that affected dogs do not live long enough for the retinal disease to develop. In dogs deliberately made diabetic and kept for up to 6 years, microvascular lesions typical of human diabetes occur. Pericyte loss is accompanied by capillary aneurysms, reactive endothelial proliferation, and perivascular plasmoid exudates or hemorrhages.

Other types of **ischemic retinal injury** are much more frequent in domestic animals than is diabetic retinopathy. *Undoubtedly, the most frequent examples are associated with vascular hypertension in cats and, less frequently, in dogs.* Ischemic retinopathy as a consequence of disseminated intravascular coagulopathy (DIC), of *tumor metastasis,* or of *bacteremia* is fairly common, with the prevalence varying greatly with species. *Perhaps the most common example of ischemic retinal injury is that resulting from retinal detachment.* The blood vessels of the choriocapillaris supply oxygen and other nutrients to the photoreceptors and outer nuclear layer, hence retinal detachment inevitably results in gradual outer retinal ischemic/malnutritive atrophy.

**Hypertensive retinopathy** *is in most cases associated with chronic renal failure.* At least 60% of dogs with chronic renal failure are hypertensive. Dogs and cats are most frequently affected. In cats, hypertensive retinopathy is also claimed to be associated with hyperthyroidism, but a study of 100 hyperthyroid cats did not provide any evidence for that anecdotal association.

The macroscopic ocular lesions include retinal or preretinal hemorrhage, retinal edema, and retinal detachment because of serous effusion from injured choroidal blood vessels. *The histologic lesions are primarily in retinal and choroidal vessels,* which have lesions varying from fibrinoid necrosis of tunica media to medial hypertrophy with adventitial fibrosis ([Fig. 5-65](#f0330){ref-type="fig"} ). Changes that are probably secondary to vessel damage include localized retinal necrosis, exudative retinal separation with resultant atrophy of photoreceptors and hypertrophy of RPE, and intraretinal hemosiderin deposition. Usually, there is ischemic necrosis of RPE, which allows for the leakage of hypertensive edema fluid from the choroid into the subretinal space, which would normally be prevented by the tight junctions between adjacent RPE cells. Vascular lesions and associated necrosis may also occur in anterior uvea. Eyes that are eventually enucleated or obtained at necropsy may have a variety of other lesions that probably occur secondary to chronic retinal detachment and chronic intraocular hemorrhage. Most notable among these is pre-iridal fibrovascular membrane and its resultant hyphema or neovascular glaucoma.Figure 5-65**Systemic vascular hypertension** causing fibrinoid necrosis of small arteries within the retina, resulting in hemorrhage and necrosis.

*The early lesions, likely to be seen only under experimental conditions, are the result of exaggerated autoregulatory vasoconstriction in response to systemic hypertension.* Sustained vasoconstriction leads to ischemic necrosis of the deprived retina, RPE, or choroid, as well as necrosis of vascular endothelium distal to the constricted precapillary sphincters. The histologic consequences are focal retinal necrosis, and leakage of plasma or even erythrocytes through damaged endothelium. This leakage causes intramural fibrinoid change in the vessels and edema or hemorrhage in adjacent retina.

**Retinal infarction,** usually seen as a combination of hemorrhage and liquefaction, occurs subsequent to retinal vessel thrombosis (especially in detached retinas), occlusion by tumor emboli, or vasculitis associated with immune disease or a few infectious diseases ([Fig. 5-66A, B](#f0335){ref-type="fig"} ). The most likely to be encountered are thrombotic meningoencephalitis of cattle, and Rocky Mountain spotted fever or ehrlichiosis in dogs. In addition to the vascular lesions themselves, which may have specific characteristics associated with the individual diseases, the retinal lesions vary from focal hemorrhage to areas of hemorrhagic liquefactive necrosis or healed lesions of chorioretinal scarring.Figure 5-66**Retinal ischemic necrosis. A.** Choroidal thrombophlebitis with secondary retinal infarction in a horse with purpura hemorrhagica. **B.** Postnecrotic scarring causing multiple adhesions between the damaged retina and previously injured choroid.

Similar retinal scarring has been seen in horses following massive but sublethal blood loss, as in surgery or from nasal hemorrhage subsequent to severe cranial trauma. Affected eyes have multifocal retinal atrophy and hyperpigmentation. Similar lesions may also result from focal retinal separation. In horses, such separation carries a high risk of causing focal retinal infarction because they have such limited intrinsic retinal vasculature (see [Fig. 5-64](#f0325){ref-type="fig"}).

**Retinal hemorrhages** are seen in a variety of primary clotting disorders, in thrombocytopenia of any cause, and in degenerative or inflammatory vascular disorders. Retinal hemorrhages also recur in cats with profound anemia of any cause; the mechanism is unknown. The lesions heal with scarring if the cat survives the anemia, suggesting that the hemorrhage is only the most visible manifestation of multifocal and probably ischemic retinopathy.

Many of the **neuronal storage diseases** cause retinal lesions identical to those in the brain. The list of those with described ocular lesions probably reflects those in which the eyes have been examined rather than a true reflection of those diseases in which ocular lesions do, or do not, occur. Those interested should consult a useful, referenced table in the text by Slatter (see [Further reading](#s0735){ref-type="sec"}).

**Senile retinopathy** *is characterized by microcystoid degeneration,* which is very common in dogs from middle age onward (see [Fig. 5-62](#f0315){ref-type="fig"}). A similar lesion is found occasionally in horses. The lesion affects peripheral retina adjacent to ora ciliaris and for a variable distance posteriorly. There is formation of small cystic spaces within inner nuclear and plexiform layers, fusion of inner and outer nuclear layers, pigment cell accumulation, and haphazard atrophy and mingling of nuclei in a manner simulating peripheral retinal dysplasia. If the cysts rupture, there is the risk that liquefied vitreous may slip through the resulting hole and cause rhegmatogenous retinal detachment. For some unknown reason, this is most commonly seen in small dogs (especially Shih Tzu), in which the detachment of the retina triggers pre-iridal fibrovascular membrane and secondary glaucoma ([Fig. 5-67](#f0340){ref-type="fig"} ).Figure 5-67**Retinal separation** from the ora ciliaris (retinal dialysis) as a sequel to peripheral microcystoid retinal degeneration and subsequent rhegmatogenous detachment. The coiled and smoothly rounded edge of the retina at the site of the break distinguishes this from purely artifactual detachment occurring during sectioning of the globe.

*Multifocal coalescing peripheral retinal atrophy* is very frequent in very old dogs and horses, but is of no apparent visual importance.
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### Retinitis {#s0740}

*Retinitis as the sole ocular lesion is rare, but may occur in animals with neurotropic virus infections, with toxoplasmosis, and with thrombotic meningoencephalitis of cattle* ([Fig. 5-68](#f0345){ref-type="fig"} ). In the latter disease, however, it is more usual to find the typical thrombotic, inflammatory lesions in choroid as well as retina. Their character is identical to the lesions in the brain. The multifocal chorioretinal scars expected as sequelae are seldom seen, perhaps because cattle with neurologic and ocular lesions almost inevitably die. The prevalence of the ocular lesion, useful as an aid in the clinical diagnosis, is estimated at 30-50% in animals with the septicemic form of the disease, and as high as 65% in experimentally infected calves.Figure 5-68**Retinal suppurative thrombophlebitis** in a steer with thromboembolic meningoencephalitis.

*Multifocal viral retinitis* with the same histologic features as the respective brain lesions occurs in animals with classical swine fever, rabies, Teschen disease, Borna disease, pseudorabies in pigs, canine distemper, and scrapie (a prion disease). Undoubtedly, the list is incomplete, and is probably limited only by the rarity with which retinas receive histologic evaluation in animals dying with systemic viral, bacterial, and protozoal diseases. *The ocular lesions associated with canine distemper will be described here in some detail as the archetypal example of viral retinopathy;* other aspects of canine distemper are discussed in Vol. 2, Respiratory system.

Retinal and optic nerve lesions occur in most dogs with naturally occurring **canine distemper.** The lesions most often are degenerative rather than inflammatory, although some of the degenerative changes may have been sites of inflammation earlier in the disease course.

*Acute lymphocytic-plasmacytic chorioretinitis and optic neuritis* are found in \~25% of dogs submitted for laboratory confirmation of the disease. Random perivascular cuffing, edema, focal exudative retinal separation, and hypertrophy of RPE are present. Eosinophilic intranuclear inclusion bodies occur in ganglion cells or astrocytes in 30-40% of the cases, which is the only etiologically specific change in what is an otherwise nonspecific picture shared by many systemic infections.

*The more prevalent lesions are multiple random foci of retinal degeneration and scarring.* These usually affect the full thickness of retina, and are most likely sequelae to the previous undetected retinitis. Such foci often contain numerous melanin-laden cells, probably derived from migration of adjacent, injured RPE. Occasionally, only the outer nuclear layer and photoreceptors are missing, probably a sequel to focal exudative retinal detachment.

Optic nerve lesions of one type or another are present in all dogs with ocular lesions. Nonsuppurative neuritis, astrocytic scarring, and demyelination similar to that in brain are the 3 most frequent changes. In those dogs suffering only the demyelinating disease, the ocular lesions may be inapparent, or there may be demyelination of optic nerve and ganglion cell degeneration.

**Other infectious examples of retinitis** in dogs include **Rocky Mountain spotted fever** (RMSF, *Rickettsia rickettsii)* and **canine ehrlichiosis** *(Ehrlichia canis).* The clinical and histologic ocular lesions are virtually identical and occur in a high percentage (80% for RMSF) of dogs with active infection. Most of the lesions result from injury to vascular endothelium parasitized by the rickettsiae; multifocal hemorrhage, edema, and vascular necrosis occur in all parts of the eye. *Multifocal retinal hemorrhage, perivascular retinal edema, and necrosis of endothelium in retinal venules and arterioles are the characteristic retinal changes.* Although often listed along with other agents as a cause of anterior uveitis or endophthalmitis, most naturally occurring infections have clinical signs attributable only to the vascular injury rather than a genuine uveal inflammation. There is one report of unusually severe uveitis occurring 14-28 days after experimental infection with *R. rickettsii,* following the disappearance of all other signs of the acute systemic disease. Dogs thus affected had neutrophilic and lymphocytic destructive vasculitis, assumed to represent a type III immune reaction to parasitized endothelium.

**Visceral larva migrans** from *Toxocara canis* has been linked to granulomatous endophthalmitis and chorioretinitis in dogs. It is likely that many of these cases were actually caused by the raccoon roundworm *Baylisascaris procyonis* (see [Parasitic endophthalmitis](#s0465){ref-type="sec"}).
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Optic Nerve {#s0765}
-----------

The optic nerve is a white fiber tract of brain formed by the outgrowth of ganglion cell axons from the eye through sieve-like perforations in posterior polar sclera, called the *lamina cribrosa.* The axons travel within a preformed neuroectodermal tube formed by the primary optic stalk to reach the optic chiasm and then the lateral geniculate body. The neuroectoderm lining the optic stalk induces the surrounding mesenchyme to form the 3 meningeal layers, similar to and continuous with those of brain itself. Later differentiation of neuroectoderm produces astrocytes and oligodendroglia that, together with the ganglion cell, axons, and fibrovascular septa from pia mater, form the substance of the optic nerve. The *optic disc* is the intraocular portion of the nerve and is the only portion available to ophthalmoscopic examination. It is formed by the convergence of ganglion cell axons prior to their exit via the lamina cribrosa. The axons of the nerve fiber layer are unmyelinated, and at what point (relative to lamina cribrosa) the axons become myelinated determines the ophthalmoscopic appearance of the optic disc. Histologically, the disc is unmyelinated in most domestic species except the dog, contains abundant glia, and may have a small paracentral excavation---*the physiologic cup*---from which Bergmeister\'s papilla originates. A few pigmented cells are commonly seen, as are small neuroblastic clusters, both probably minor anomalies of retinal differentiation but of no significance.

There is considerable variation in the normal histology of the optic nerve among animals of different species and ages. Optic disc myelination has already been mentioned. The lamina cribrosa is formed by heavy fibrous trabeculae in horses, dogs, and cattle and is therefore more obvious than in cats and laboratory animals. Fibrous septa within the nerve are prominent in cattle and horses, and their similarity to the axons in hematoxylin and eosin sections may mask a pathologic paucity of nerve fibers. The fibrous tissue reportedly increases with age.

*The general pathology of the optic nerve shares features of both retinal and neural disease.* Because it is in direct continuity with both structures via its axons, and with brain via the perineural cerebrospinal fluid, it is common for optic nerve to be affected by diseases of either retina or brain. Thus optic neuritis is expected in at least a proportion of animals suffering with inflammation of retina or neural white matter, and optic nerve atrophy inevitably follows loss of ganglion cells. Fortuitous hematogenous localization of infectious agents or tumor cells may occur in optic nerve as anywhere else. The optic nerve is occasionally the site of origin for meningiomas and various glial tumors that are clinically significant.

In general, lesions of the optic nerve are found as more or less incidental findings when examining globes removed for other reasons, such as glaucoma, endophthalmitis, or neoplasia. Clinical abnormalities affecting the optic disc or optic nerve are quite common, but only rarely would such globes be removed for histologic assessment.

Key PointsOptic nerve disease is hardly ever the reason for enucleation, and most optic nerve lesions are considered "incidental" findings in globes with more prominent disease in the retina or uvea. The most common optic nerve lesion by far is glaucomatous atrophy and cupping, involving a mixture of axonal necrosis, gliosis, and posterior mechanical displacement of the optic disc.

**Papilledema** *is hydropic swelling of the optic disc.* It may result from extraocular events that cause an increase in cerebrospinal fluid pressure within the optic nerve or from local vascular leakage. The former is usually associated with retrobulbar tissue masses, but is also seen with intracranial neoplasms and with hypovitaminosis A. Ocular hypotony may cause optic disc edema as a result of decreased tissue hydrostatic pressure. Serous inflammation within the nerve also results in papilledema. Papilledema is a common clinical diagnosis that rarely is available for histologic examination.

**Optic neuritis** *is a term sometimes used rather broadly to describe both inflammatory and degenerative diseases of the nerve.* Optic neuritis is seen clinically as swelling, hyperemia, and focal hemorrhage within the optic disc. Affected animals, usually dogs or horses, are blind when the lesion is bilateral. Although described as a clinical entity not associated with other ocular lesions, the vast majority of cases of "clinical" optic neuritis are not confirmed histologically may, of course, accompany any case of retinitis or endophthalmitis.

The pattern of inflammation within the nerve may provide clues to the pathogenesis of the neuritis. Perineuritis, or optic nerve leptomeningitis, is typical of meningeal spread of bacterial meningitis from the brain. Toxoplasmosis and cryptococcosis frequently cause multifocal and nonselective lesions within the extraocular nerve, as does canine distemper. Optic neuritis originating as endophthalmitis is usually restricted to the optic disc. Feline infectious peritonitis is frequently associated with perineuritis and optic neuritis in which the mononuclear aggregates are around blood vessels in the meninges and in the extensions of the meninges into the nerve. Optic neuritis may also be prominent in equine recurrent uveitis and in dogs with the syndrome of granulomatous meningoencephalitis.

*Chronic optic neuritis,* like its counterpart in the brain, is characterized by focal gliosis, astrocytic scarring, and secondary axonal degeneration. The loss of axons may be partially masked by the increased prominence of glia and pial septa.

**Degeneration of the optic nerve** *may be a sequel to trauma, optic neuritis, glaucoma, and chronic, severe retinal atrophy of any cause.* Initiation of gliosis and fibrosis may eventually make the chronic degenerative lesion indistinguishable from that of chronic inflammation. The most frequently diagnosed example is that following *trauma* to one or both nerves in dogs, horses, or cats with head trauma. The gross lesion may be avulsion, laceration, or contusion. Injury to the nerve may be instantaneous, as caused by tearing or complete severance, or may result from vascular injury with slightly delayed ischemic necrosis. In severed nerves, there is disintegration of the distal axons back to the lateral geniculate body. The proximal portion of each affected axon dies back to the ganglion cell, which eventually also dies. The inner nuclear layer remains unaffected, a useful criterion to distinguish traumatic, "die back," ganglion cell atrophy from that of glaucoma.

Degeneration of optic nerve also occurs in calves *deficient in vitamin A,* and in ruminants ingesting *male fern* or *hexachlorophene.* Ingestion of male fern, *Dryopteris,* on pasture or as a taenicidal extract, causes papilledema and subsequent optic nerve demyelination when ingested in large amounts. Retina may be unaffected early, but ganglion cell atrophy occurs eventually. Hexachlorophene administered to calves or sheep as an anthelmintic causes edema and then atrophy and gliosis of optic nerve.

**Proliferative optic neuropathy** is an unusual lesion of horses. Anecdotal descriptions are numerous, but histologic descriptions are few. The lesion is a raised, gray mass on the surface of the optic disc, unassociated with visual deficit. *The mass is composed of spherical mononuclear cells with hyperchromatic, eccentric nuclei and foamy eosinophilic cytoplasm*. Some of these cells are also found within extraocular optic nerve. The cytoplasmic content may be stored lipid, but its origin is not known. The described lesion bears much resemblance to the proliferation of myelin-laden macrophages that occurs in and on optic nerves injured by trauma or ischemia. Also, the distinction between the proliferative optic neuropathy and gliomas or granular cell tumors described in various reports is unclear.
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Sclera {#s0795}
------

*The* **limbus** *marks the transition from the avascular, nonpigmented, and very orderly cornea to the vascularized, pigmented, and interwoven fibrous tissue that identifies sclera.* It is also the site of transition from corneal epithelium into bulbar conjunctiva. The sclera forms the posterior ![](if005v001-003-9780702053177.gif) of the fibrous tunic of the eye, blending with choroid on its inner aspect and orbital fascia exteriorly. Its thickness increases with age and varies considerably among domestic species. In cattle and horses, it is thickest at the posterior pole (2.2 mm in cattle, 1.3 mm in horses) and thinnest at the orbital equator (1.0 mm in cattle, \~0.5 mm in horses). In dogs and cats, it is much thinner, \~0.3 mm at the posterior pole and 0.1 mm at the equator, varying somewhat with age and globe size. In carnivores, however, there is a circumferential ring of thickened (1 mm) sclera at the limbus in which is buried the venous plexus receiving aqueous drainage. The sclera is perforated by numerous vessels and nerves, the most notable of which are the optic nerve and limbic scleral venous plexus.

The optic nerve fibers exit the globe through extensive scleral fenestrations called the **lamina cribrosa.** Diseases of the sclera are few in comparison to diseases of other ocular structures. Most are inflammatory and arise by extension from within the globe or from orbital cellulitis. *The efficiency with which the sclera resists inflammatory spread is evidenced by the infrequency of panophthalmitis as opposed to endophthalmitis, and the even greater infrequency of intraocular involvement resulting from orbital inflammation.* When the sclera is involved in inflammatory disease originating within the eye, its initial involvement is seen histologically as leukocytes in perivascular adventitia that is in direct communication with the choroid. A similar phenomenon is seen in scleral extension of choroidal neoplasms, in which collars of tumor cells surround scleral vessels but show little inclination to infiltrate directly into scleral and connective tissue.

**Nodular granulomatous episcleritis (NGE) or episclerokeratitis** *is the most prevalent disease of dogs that is primarily scleral.* It is a proliferative, nodular lesion of the episclera or conjunctival lamina propria that has been variously termed nodular fasciitis, nodular scleritis or episcleritis, fibrous histiocytoma, proliferative keratoconjunctivitis, conjunctival granuloma, and Collie granuloma.

The clinical spectrum includes lesions that are unilateral or bilateral, nodular or multinodular, and episcleral or conjunctival. It is not yet clear how many different diseases are actually existent under what is currently a broad clinical umbrella of "nodular episcleritis." Regardless, the histologic lesions seem to be relatively uniform and are certainly more uniform than the clinical presentation. By far the most prevalent macroscopic lesion submitted for histologic assessment is a firm, painless, moveable, nodular swelling, 0.5-1.0 cm in diameter, below the bulbar conjunctiva at, or just posterior to, the limbus. Infiltrative extension of the mass into the peripheral corneal stroma is accompanied by edema and vascularization. Other common locations include the third eyelid and elsewhere within the lamina propria of the bulbar conjunctiva.

*Histologically, the lesion is a proliferative, nonencapsulated mixture of histiocytic cells, spindle cells, plasma cells, and lymphocytes* ([Fig. 5-69A, B](#f0350){ref-type="fig"} ). The spindle cells may be fibroblasts, histiocytes, or a mixture of both. The spindle cells are haphazardly arranged, and, despite a fibrous appearance to the section, surprisingly little collagen is demonstrated by special stains, except in coarse septa that may dissect the mass into irregular lobules. Reticulin, however, is abundant. The lymphocytes are found loosely throughout the mass but are usually most numerous near the periphery. Characterization of the lymphocytes or histiocytes via immunohistochemistry has not yet yielded any useful information in terms of understanding the pathogenesis or providing guidelines for further subclassification.Figure 5-69**Nodular granulomatous episcleritis. A.** Discrete, expansile nodule of intermingled histiocytes and lymphocytes within the deep conjunctival lamina propria or episclera. **B.** Characteristic intermingling of histiocytes and lymphocytes with very few plasma cells or granulocytes, and with no formation of granulomas or lymphoid follicles**.**

*Important histologic features distinguishing NGE from an early lesion of idiopathic necrotic scleritis (see later) are the absence of collagenolysis and the absence of discrete granulomas.* When present in peripheral cornea, the above cell mixture affects stroma but spares the epithelium and an adjacent zone of subepithelial stroma.

The lesions of NGE show a substantial range in the proportion of the various leukocytes as well as in clinical presentation, and it may be that this disease will eventually be divided into several different entities to better explain this variation. At the moment, however, we have insufficient evidence to justify any subclassification based on histopathology, immunohistochemistry, or clinical behavior. This clinical and histologic syndrome is unique, and suggestions that NGE might be a conjunctival or scleral manifestation of cutaneous histiocytosis or cutaneous sterile pyogranuloma syndrome have no basis, and dogs with NGE do not usually have any histologically similar skin lesions.

Key Points**Nodular granulomatous episcleritis** (NGE) illustrates very well the problems that arise when a perfectly accurate description and morphologic diagnosis are not further accompanied by a specific syndrome diagnosis. A diagnosis of "nodular nonseptic mixed lymphocytic and granulomatous conjunctivitis" or "focal lymphocytic and granulomatous episcleritis" may be accurate from a histologic perspective and yet be worthless as a final diagnosis because clinicians will not be able to translate that morphologic diagnosis into a clinically useful diagnosis of NGE.

**Necrotizing scleritis (idiopathic necrotic scleritis)** *is a rare lesion seen in dogs as a poorly delineated inflammatory and proliferative lesion of the anterior sclera.* The disease incites a much more inflammatory reaction and progresses much more rapidly than does NGE. *The lesion consists of coalescing scleral granulomas centered on remnants of denatured, refractile collagen.* Eosinophils sometimes are numerous, and most lesions contain at least modest numbers of lymphocytes ([Fig. 5-70A](#f0355){ref-type="fig"} ). The exact histologic appearance varies with the stage of disease and is probably greatly influenced by what therapy has been used prior to biopsy or enucleation, but at least some degree of collagenolysis and some hint of granuloma formation are requirements for the diagnosis. The lesion tends to rapidly spread circumferentially and posteriorly to involve the entire sclera, and involvement of uvea and even retina with necrosis and granulomas eventually occurring ([Fig. 5-70B](#f0355){ref-type="fig"}). The disease usually begins unilaterally, but most cases eventually are bilateral. Response to anti-inflammatory therapy is poor unless that therapy is very aggressive, and so an unusually high percentage of eyes with this disease eventually become available for histologic assessment. No etiologic agent has been seen.Figure 5-70**Idiopathic necrotic scleritis. A.** Granulomatous and lymphocytic inflammation with prominent collagenolysis. Neutrophils and eosinophils may be present, especially in early and untreated lesions. **B.** Rapid progression throughout the sclera to encircle the globe is characteristic.

Key Points**Nodular granulomatous episcleritis (NGE) versus necrotic scleritis?NGE** affects the loose connective tissue of the episclera or conjunctival lamina propria, does not involve collagenolysis, and usually creates a discrete nodule.**Necrotic scleritis** arises within the dense connective tissue of the sclera itself, has collagenolysis as a highly conserved feature, and is always invasive.

Orbit {#s0800}
-----

*Diseases of the orbit are few and relatively uncommon in domestic animals except for those resulting from trauma and, in dogs, from neoplasia.* Systemic diseases of bone, muscle, blood vessels, and nerves may incidentally affect orbital components. Orbital fat fluctuates with nutritional status, contributing to the enophthalmos of malnourished animals. Ordinarily, however, orbital disease arises by extension of inflammatory lesions from the mouth, paranasal sinuses, or from penetrating wounds through periorbital soft tissue. Extension from intraocular inflammation is surprisingly rare, a tribute to the barrier offered by the sclera. Conversely, orbital disease rarely invades the globe. Metastatic orbital neoplasia is rare except for lymphoma of cattle and cats. Direct invasion by malignancies arising in the mouth, facial bone, nasal cavity, or sinus is more common. Although theoretically the orbit may suffer from primary neoplasia of any of the bony or soft tissues within it, such occurrences are infrequent. Of these, optic nerve meningiomas, ill-defined spindle cell sarcomas, and lacrimal gland tumors in dogs are the most common (see [Ocular neoplasia](#s0830){ref-type="sec"}).

**Orbital cellulitis** *is the term commonly used to describe pyogenic orbital inflammation.* The cause is usually bacterial, and the pathogenesis involves penetrating injury or direct extension from nearby inflammation of paranasal sinuses, molar tooth socket, or periorbital soft tissue. Only rarely does uncontrolled endophthalmitis spread through the sclera into the orbit. Bacteremic localization within the orbit is seldom detected, except perhaps for *Streptococcus equi* infection in young horses.

**Orbital myositis** *occurs as a specific syndrome in dogs, affecting the extraocular muscles.* It affects primarily young dogs of large breeds, and is not associated with masticatory or generalized myositis. The histologic changes are identical to immune-mediated masticatory myositis, with multifocal random interstitial lymphocytic myositis, muscle fiber necrosis, and subsequent fibrosis. Antibodies against type 2M muscle fibers have been demonstrated in affected dogs.

Orbital inflammation most frequently results from *penetrating foreign bodies,* whether by direct penetration or particle migration from conjunctival sac or pharynx. Horses seem particularly prone. Aberrant localization by nematode parasites *(Dirofilaria immitis, Angiostrongylus, Onchocerca,* spp., *Ancylostoma caninum)* or *Diptera* larvae is reported.

**Postoperative conjunctival inclusion cysts** are the result of intraorbital migration of bulbar conjunctiva left in place at the time of enucleation. This represents improper surgical technique. The epithelium migrates into the orbit, creates a cyst, and continues to enlarge as the conjunctival epithelium continues to produce its normal tear film secretion. The cyst creates a tumor-like mass requiring surgical excision. Histologically, the epithelium looks like normal bulbar or palpebral conjunctiva with variable numbers of goblet cells.
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Ocular Neoplasia {#s0830}
----------------

Although the eye is the site of a wide range of primary and metastatic neoplasms, only a few are of sufficient prevalence or importance to justify discussion here. Pathologists get a very biased view of the relative importance of neoplasia overall within the world of veterinary ophthalmology simply because virtually every globe containing a neoplasm is going to be submitted for histologic assessment. *At least in dogs and cats, which are the species from which we are most likely to receive histologic specimens for assessment, neoplasia is second only to glaucoma as a cause for enucleation.*

Primary ocular tumors may arise from the eyelids and adnexa, from optic nerve, or from within the globe. Those arising within the globe may originate from any of the tissues, but only those from uveal melanocytes and iridociliary neuroectoderm are anything other than rare. *Most primary intraocular tumors have negligible potential for metastasis.* Dogs and cats are most frequently affected; primary intraocular neoplasms are inexplicably rare in other domestic species.

*Metastatic ocular neoplasia is reported rather infrequently, but it is common when sought.* Multicentric lymphoma in cats, dogs, and cattle regularly involves the eye, although, in cattle, the retrobulbar tissue is preferred over the eye itself. *With the exception of malignant lymphoma, carcinomas are reported more frequently than sarcomas.* This probably reflects the greater metastatic potential of carcinomas in general, rather than any specific difference in ocular tropism. Uveal vessels are the usual sites of lodgment, and ocular disease may result from vessel occlusion, or from inflammation in response to tumor antigen, or to necrosis of either tumor or damaged host tissue.
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### Eyelid and conjunctival neoplasms {#s0860}

#### Squamous cell carcinoma {#s0865}

*Squamous cell carcinoma arises from the conjunctival epithelium of the limbus, third eyelid, or eyelid in cattle, horses, cats, and dogs, in that order of frequency.* **Bovine** *ocular squamous cell carcinoma is one of the most common and most economically significant neoplasms of domestic animals. Its relative rarity in dogs is peculiar and unexplained.* The disease in horses and cattle usually arises within the conjunctiva, whereas in cats, it is primarily a disease of the haired skin of the eyelid margin. The prevalence of the disease in all species is related primarily to exposure to ultraviolet (UV) radiation and to lack of pigment in lids and conjunctiva. Its geographic prevalence is therefore directly correlated with altitude and inversely correlated with latitude, as well as with the prevalence of animals with poor periocular pigmentation. In cattle, in which this disease is of greatest significance, the prevalence is highest in the "white-faced" Hereford breed and in the high-altitude regions of the Canadian and American West. It also occurs in other breeds of cattle, as well as Indian water buffalo, sheep, and cattalo. Variation in prevalence in different lines of Herefords, even in the same region, has led to speculation that other genetic factors within the breed, other than facial pigmentation, may influence susceptibility. The question of etiology has been further widened by demonstration of papillomaviruses in some of the papillomatous precursor lesions that eventually transform into squamous cell carcinoma. Similar papillomaviruses, as well as being the causative agents of cutaneous warts, have been demonstrated in bovine alimentary papillomas in Scotland, and viral DNA persists in the squamous cell carcinomas that arise from these papillomas in cattle grazing pastures that contain bracken fern. It remains to be determined whether or not there is any relationship between a viral component of the ocular carcinoma and the fact that, in many cases, the tumor regresses after immunotherapy. *At least at the moment, no viral particle or viral genome has been consistently demonstrated in ocular squamous cell carcinomas in any species.* Environmental co-carcinogens, such as those in bracken fern, have not yet been implicated in the induction of ocular tumors.

*The tumor in all species develops through a series of premalignant stages, called epidermal plaques and papillomas, before proceeding over months or years to carcinoma in situ and to invasive carcinoma.* Spontaneous regression of the precancerous lesions may occur with an estimated frequency of 25-50%. At least in cattle, plaques are much more common (\~6:1) than papillomas or outright carcinomas. The *epidermal plaque* is characterized by marked acanthosis, with variable presence of keratinization, dyskeratosis, and epidermal downgrowth into the subconjunctival connective tissue. Invasion through basal layer or basement membrane is not seen. *Papilloma* also involves acanthosis but, in addition, there is marked parakeratosis and hyperkeratosis with papillary projections supported by a vascularized connective tissue core. Papillomas may be up to 3 cm in diameter, pedunculated or sessile, and are often ulcerated ([Fig. 5-71](#f0360){ref-type="fig"} ). *Carcinoma in situ* arises by focal or multifocal transformation of increasingly dysplastic cell nests in the deep layers of plaques or papillomas. *Fully developed carcinoma* has squamous cell invasion across the basement membrane. Tumor invasion is almost always accompanied by *intense lymphocytic-plasmacytic infiltration,* presumably the host response to tumor antigen. It is assumed that it is this response that is responsible for regression of some of the precursor lesions, although spontaneous regression of fully developed carcinoma is rare. Stimulation of immune-mediated rejection by intralesional inoculation of antigenic tumor extracts or nonspecific lymphocyte stimulants induces partial or total regression of small tumors.Figure 5-71**Papillary squamous cell carcinoma** protruding from the third eyelid of a horse.

Histologically, ocular squamous cell carcinoma resembles similar tumors in other sites and ranges from well-differentiated carcinomas with keratin pearl formation to anaplastic carcinomas with marked nuclear size variation and mononuclear tumor giant cells ([Fig. 5-72](#f0365){ref-type="fig"} ). *Metastatic or invasive potential has not been correlated with histologic criteria, but there is a correlation between site of origin and subsequent behavior.* Most surveys in cattle identify the bulbar conjunctiva of the limbus as the most frequent site of origin, estimated at \~70% of all occurrences. Some surveys consider nictitating membrane as next most frequent, with palpebral conjunctiva of the true eyelid as third. Other reports claim nictitans origin to be uncommon, and eyelid tumors to be as common as those of limbic origin. Tumors arise only very rarely from the cornea because of the limited mitotic capability of that tissue. Apparent corneal tumors are almost always extensions from tumors arising at the limbus. Tumors arising at the limbus are confronted by the dense and poorly vascularized connective tissue of sclera and peripheral cornea, which retards metastasis to extraocular sites. Invasion of corneal stroma and sclera occurs slowly, but intraocular invasion is very uncommon ([Fig. 5-73](#f0370){ref-type="fig"} ). Tumors arising from the nictitans extend to the root of the membrane and then to the cartilage and bone of the orbit and internal nares. *Metastasis probably will eventually occur in all instances,* with parotid lymph node the initial site. Wide dissemination to thoracic and abdominal organs has been reported and is probably limited only by the limited longevity of the target animals.Figure 5-72**Classic histologic features of mature squamous cell carcinoma,** including jumbled maturation, premature keratinization, and especially invasion by stratum spinosum--like epithelium.Figure 5-73**Conjunctival squamous cell carcinoma** invading the peripheral cornea of a horse.

Squamous cell carcinoma of the **equine** eye is much less thoroughly documented, but is quite common. In contrast to cattle, *the preferred site is the edge of the third eyelid, followed by limbic bulbar conjunctiva*. This targeting is, again, inversely correlated with the presence of protective melanin pigmentation, and is positively correlated with those factors causing increased exposure to UV radiation. In some reports, heavy draft horses are predisposed, but all breeds may be affected. The mean age of affected horses is \~9 years. Bilateral involvement is seen in 15-20%. The same range of precancerous lesions occurs in horses as in cattle. Prognosis is strongly influenced by therapy, but even the untreated neoplasm is slow to metastasize, and even then it is usually only to local lymph nodes. Retrospective studies document 10-15% of equine ocular squamous cell carcinomas to have regional or distant spread, but the data do not consider duration of the disease prior to therapy.

In **cats,** *ocular squamous cell carcinoma most frequently affects the skin of the eyelids*. White cats are particularly susceptible, and squamous cell carcinomas in these animals may occur simultaneously or sequentially on eyelids, ear pinnae, nose, and lips. The early lesion is one of sunlight-induced epithelial necrosis, and even the early neoplasm may be ulcerated and inflamed to a degree that may mask its neoplastic character and delay appropriate therapy. Growth tends to be circumferential around the lid margins, resulting in a palpebral fissure bordered by a thickened, red, and ulcerated tumor. Metastasis to local lymph nodes occurs late in the course of the disease.

In **dogs,** *squamous cell carcinoma infrequently involves the eye.* Proliferative eyelid or conjunctival growths in dogs are much more likely to be Meibomian adenomas, viral and nonviral papillomas, or nodular granulomatous episcleritis. In one study of 202 canine eyelid neoplasms, squamous cell carcinoma accounted for only 2% of lesions. Primary corneal squamous cell carcinomas can arise within the hyperplastic epithelium of corneas transformed by chronic low-grade irritation into corneal cutaneous metaplasia. Most reported cases have been in brachycephalic breeds predisposed to chronic pigmentary keratitis ([Fig. 5-74](#f0375){ref-type="fig"} ).Figure 5-74**Primary corneal squamous cell carcinoma** in a pug with pre-existent corneal cutaneous metaplasia.
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#### Meibomian adenoma {#s0885}

*Meibomian adenoma is the most common ocular neoplasm of dogs,* accounting for at least 70% of eyelid tumors. It is inexplicably rare in cats, and virtually nonexistent in other domestic species. It is comparable in many respects to sebaceous adenomas found elsewhere in the skin. However, these tumors originate specifically from Meibomian gland and not from other eyelid sebaceous glands, and have several distinctive histologic features that distinguish them from "ordinary" sebaceous adenomas. The similarities, however, are stronger than the differences. Like sebaceous adenomas elsewhere, they are formed by a purely expansile population of sebaceous lobules populated by variable proportions of germinal basal cells and more mature sebaceous cells ([Fig. 5-75A](#f0380){ref-type="fig"} ). There is no prognostic significance to the wide range in the relative proportions of these 2 populations, and therefore no justification for dividing these very common tumors into Meibomian adenoma versus Meibomian epithelioma (the latter referring to those tumors with a "higher" proportion of basal cells). Behavioral malignancy is exceedingly rare. Features that are distinctive for Meibomian adenoma that are not seen in sebaceous adenomas elsewhere include the presence of lipid lakes and foamy macrophages around the periphery of the tumor, and papillary hyperplasia of the squamous epithelium at the eyelid margin overlying the tumor ([Fig. 5-75B](#f0380){ref-type="fig"}). Both of these secondary phenomena may actually be more prominent than the tumor itself. The accumulation of macrophages and lipid is known as *chalazion*. The macrophages may form multinucleated giant cells, and they contain distinctive clear split-like cytoplasmic inclusions that are unique to chalazion and not seen in the granulomatous reaction that may occasionally surround sebaceous adenomas found elsewhere in skin.Figure 5-75**Meibomian adenoma. A.** Purely expansile mixture of germinal basal cells and mature sebaceous cells occupies the tarsal plate at the eyelid margin, inducing a characteristic squamous papilloma in the overlying epithelium. **B.** Almost all Meibomian adenomas are surrounded by foamy macrophages typical of chalazion.

#### Other adnexal and conjunctival tumors {#s0890}

A wide range of neoplasms has been reported to occasionally affect the conjunctiva or adnexa of domestic animals. Most examples are reported primarily in dogs, and they are discussed in order of overall prevalence in that species.

**Melanocytoma** *is probably the second most common tumor of the eyelid in dogs.* It will occasionally occur in cats and in gray horses. In dogs, it is a typical cutaneous benign melanoma, identical to what occur so frequently anywhere else in skin. In cats, they are also similar to those tumors occurring elsewhere in skin, and more than half are both histologically and behaviorally malignant. It is important to note that the behavior of melanocytic tumors associated with the eye is greatly influenced by exact anatomic location, so these comments are applicable only to those melanomas arising in the haired skin of the eyelid.

Other melanomas arising from conjunctiva and limbus are described later in the section on [melanocytic tumors of the eye](#s0910){ref-type="sec"}.

**Conjunctival papilloma** usually arises from bulbar conjunctiva as a series of slender protruding stalks of conjunctival lamina propria covered by bland, often pigmented, stratified squamous epithelium with no cytologic atypia and no ballooning degeneration, as is typical of viral papillomas ([Fig. 5-76](#f0385){ref-type="fig"} ). Viral papillomas associated with canine oral papillomavirus, identical to those affecting the mouth, will occasionally occur in any portion of conjunctiva.Figure 5-76Conjunctival squamous papilloma.

**Conjunctival vascular tumors** *represent a continuum from subepithelial preneoplastic telangiectasia to hemangioma and hemangiosarcoma.* They arise with equal frequency in the temporal (lateral) bulbar conjunctiva and along the leading edge of the third eyelid, suggesting that sunlight is important in their pathogenesis. Their prevalence increases dramatically in geographic regions with a lot of sunlight. They usually arise in the very superficial subepithelial vascular plexus. *There is virtually no metastatic risk* regardless of cytologic and histologic criteria of malignancy, but postoperative recurrence is common, probably because of de novo tumors forming from precancerous lesions elsewhere in the irradiated conjunctiva ([Fig. 5-77](#f0390){ref-type="fig"} ). Behaviorally malignant examples seem more prevalent in horses, where more than half of the reported cases are solid hemangiosarcomas with very aggressive local infiltration and, usually, distant metastasis. They are easily mistaken for fibrosarcomas because they have such poor channel formation and so little blood. Indeed, some of these might arise from lymphatic endothelium. There is much speculation, but no proof, that sunlight is important in their causation.Figure 5-77**Primary conjunctival hemangioma** affecting the leading edge of the third eyelid in a dog. Most of these are sunlight induced and may be multifocal and/or bilateral.

**Mast cell tumors,** with the same histologic range as those arising elsewhere in skin, may occur in the conjunctiva of dogs. Their biological behavior seems to correlate with the histologic grading validated for mast cell tumors in the skin. Most are well-differentiated, low-grade tumors. In cats, mast cell tumors more commonly arise within the haired skin of the eyelid, and in fact, they are the most common tumor of the feline eyelid.

**Adenocarcinoma of the gland of the third eyelid** occurs as a nodular swelling in very old dogs (mean age 11.5 years). They occur, albeit very rarely, in cats. *They are locally infiltrative, recur after attempted resection, but are cured by complete removal of the third eyelid.* Only chronically neglected cases metastasize to lung after a very protracted local expansion. Histologically, these are tubular carcinomas with abundant squamous metaplasia. They should not be confused with the prominence of the gland that occurs with prolapse of the gland ("cherry eye") or with lymphocytic interstitial adenitis.

**Lymphoma** may have several ocular manifestations, the most frequent of which are diffuse uveal metastases as part of generalized lymphoma in dogs or cats, or as retrobulbar tumor in cattle. It may occasionally occur as a conjunctival disease as part of generalized lymphoma or as a mucocutaneous manifestation of epitheliotropic lymphoma. There are several reports of conjunctival or third eyelid lymphoma occurring in horses and in cats as an apparently isolated lesion that can be cured by local excision, suggesting that they have actually arisen in those locations.
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### Melanocytic tumors of the eye {#s0910}

Melanocytic tumors affecting various portions of the globe and its adnexal structures are of such importance that they deserve a special section. The exact anatomic location exhibits a powerful influence on their prognosis. In brief, canine melanocytic tumors arising from the *eyelid margin* are benign tumors analogous in structure and function to ordinary dermal melanocytomas. Those arising from *conjunctiva* more closely resemble oral melanomas and are more likely to be histologically malignant, locally invasive, and prone to postoperative recurrence. Those arising specifically at the *limbus* are benign expansile lesions that are histologically indistinguishable from more common benign anterior uveal melanocytomas. Finally, benign *choroidal* melanocytomas occur only infrequently but are histologically and behaviorally identical to more common anterior uveal melanocytomas. The appearance and behavior of conjunctival and limbal melanocytic tumors in cats are very similar to those in dogs, but almost all intraocular melanocytic tumors in cats represent a specific histologic and behavioral entity known as *diffuse iris melanoma*.

In **horses,** one encounters cutaneous melanocytomas in the skin of the eyelids, primarily in gray horses. There are a few reports of benign anterior uveal melanocytomas, and one report of a locally invasive, histologically malignant conjunctival melanoma.

**Melanomas arising in the conjunctiva** *often are histologically and behaviorally malignant.* Conjunctival melanomas may appear as well-pigmented tumors of bland, plump melanocytes with little anisokaryosis or mitotic activity, or as cytologically malignant tumors with marked anisocytosis, anisokaryosis, hyperchromasia, and even multinucleation. Primary conjunctival melanomas often are poorly melanotic. The most reliable histologic criterion in such cases is the observation of intraepithelial nests of tumor cells. Local recurrence and spread after excision are more frequent than metastatic spread, but there are not enough reported cases to provide reliable statistics.

**Limbal (epibulbar) melanocytoma** *is a histologically and behaviorally benign tumor* of the melanocytes normally found in an oblique line (the limbus) that demarcates corneal stroma from the sclera. The tumor is composed of large plump melanocytes with a central nucleus and abundant cytoplasmic pigment, identical to the cells that populate more common benign anterior uveal melanocytomas. Mitotic figures are absent, and nuclear variation is minimal. The tumor grows outwardly as a protruding spherical nodule, hence the alternative name of *epibulbar melanoma*. There may be nodular expansion into peripheral cornea, but virtually never into the uvea or anterior chamber. **Anterior uveal melanocytoma** *is by far the most frequent intraocular tumor in dogs.* The typical tumor arises from stromal melanocytes of the iris root or adjacent ciliary body, and is composed of variable proportions of lightly pigmented spindle cells and heavily pigmented plump melanocytes identical to those of limbal melanomas. The spindle cells are assumed to be the proliferative population, and the plump cells probably represent the mature, end-stage melanocytes with a storehouse of cytoplasmic pigment ([Fig. 5-78A](#f0395){ref-type="fig"} -C).Figure 5-78**Canine uveal melanocytoma. A.** Classic presentation as a solitary, heavily pigmented mass originating from the iris and expanding to fill half of the anterior chamber. **B.** Heavily pigmented, cytologically benign epithelioid melanocytes obliterate the trabecular meshwork and extend outwardly to surround blood vessels of the anterior sclera, but this is not predictive of metastatic spread. **C.** If left long enough, most will grow outwardly to cause a discrete protruding limbal mass.

The diagnosis itself presents no problem, but offering an accurate prognosis is more complex. About 15% of all canine anterior uveal melanocytomas are histologically malignant, and ![](if005v001-004-9780702053177.gif) of these (or \~5% of all uveal melanocytomas) have been confirmed to be behaviorally malignant by virtue of extraocular metastases. *This small group of genuine malignancies can be predicted by mitotic index.* Histologically, malignant tumors are dominated by the spindle cells rather than the plump cells, are more lightly pigmented, have much more anisokaryosis and more mitotic figures than the benign tumors. Of these, mitotic index is the most reliable predictor of behavior. Benign tumors have virtually no mitotic figures. Those confirmed as behaviorally malignant have 3 or more (usually many more!) mitoses in 10 high-power (400×) microscopic fields; conversely, not all tumors with high mitotic index are destined for metastasis.

Even these benign melanocytomas are eventually significant to the eye, spreading trans-sclerally and circumferentially within the globe. *Glaucoma* from occlusion of ciliary cleft is probably the eventual fate of all eyes with this neoplasm.

**Feline multifocal uveal melanocytoma** *is a rare tumor of cats* that looks histologically identical to the canine uveal melanocytomas. They are sufficiently different from the much more common diffuse iris melanoma of cats to justify a separate classification. There is no published information about metastatic risk. They seem to arise as multiple foci randomly throughout the uveal tract, expanding inwardly to create multiple nodules within the ocular cavities, and sometimes outwardly as space-occupying scleral nodules.

**Equine anterior uveal melanocytomas** occur most often in gray horses, many quite young (\<8 years of age). Most involve anterior uvea and are histologically similar to the benign uveal melanocytomas of dogs. None has metastasized. Although almost all intraocular melanocytic tumors of cats are diffuse iris melanomas, one will occasionally encounter focal or **multifocal melanocytomas** similar to those of dogs. Other than having a more unpredictable site of origin within the uveal tract, they seem histologically and behaviorally identical to their more common canine counterparts.

**Choroidal melanocytomas** account for \~80% of all human ocular melanomas, but are rare in other species. The few cases described in dogs were discovered as incidental findings on fundoscopic examination, and grew very slowly. They seem very similar to the benign melanocytomas of limbus or anterior uvea: well pigmented, cytologically bland, and cause clinical signs only by their slow expansion to cause retinal detachment or compression of optic nerve. There is a single report of systemic metastasis from a tumor that looked histologically benign.

Clinically insignificant **iris nevi** or **freckles** occur in dogs as nonprogressive pigmented spots. Their only significance is to cause unnecessary enucleation. Histologically, the lesions are well-circumscribed clusters of bland melanocytes adjacent to the anterior border layer of the iris.

**Feline diffuse iris melanomas** are unique. The usual clinical presentation is of patchy iris hyperpigmentation that very slowly progresses to diffuse iris hyperpigmentation and thickening over several years. *The eventual outcome is virtually always glaucoma. Histologically, these tumors begin as a proliferation of hyperchromatic, hyperpigmented melanocytes along the anterior border layer of the iris* ([Fig. 5-79A](#f0400){ref-type="fig"} ). *Over an interval that may be as long as 3-5 years, these cells diffusely infiltrate the stroma of the iris and the ciliary cleft, and then the overlying sclera, peripheral cornea, and ciliary body.* The tumor cells are notoriously pleomorphic, and are apt to be misdiagnosed by those pathologists not aware of this disease as malignant lymphoma or anaplastic metastatic malignancy. Tumor cells vary from spindle-shaped cells to multinucleated epithelioid cells ([Fig. 5-79B](#f0400){ref-type="fig"}-D). Pigmentation often is light, and the cytoplasm may be foamy and eosinophilic. Balloon cells with foamy cytoplasm and very distinct cell boundaries are frequent in some tumors. The accurate prediction of tumor behavior is compromised, in all published studies, by the low percentage of affected cats available for follow-up. Metastasis has been correlated with large tumor size and intrascleral spread. There remains a substantial gap between the prevalence of clinically significant metastatic disease and the presence of metastatic foci as detected by imaging or postmortem. It appears that the tumor foci within lung or other distant sites usually grow just as slowly as did the primary uveal tumor, and these cats rarely develop clinical signs of metastatic spread. There is no proof that early enucleation influences the risk of metastatic spread or the risk of metastatic disease.Figure 5-79**Feline diffuse iris melanoma. A.** Low power illustrates the classic, very diffuse thickening of the iris that typically does not create a tumor "mass." Progression to this point may have taken many years. **B.** Early diffuse iris melanoma, originating (as usual) from the anterior border layer of the iris. **C.** More advanced diffuse iris melanoma with obliteration of iris architecture, including even the heavily pigmented posterior iris epithelium. **D.** The tumor cells are notoriously pleomorphic, often with poor pigmentation, multinucleation, anisokaryosis, and cytoplasmic ballooning.

**Diffuse uveal melanocytosis** *is included here because it is histologically indistinguishable from a diffuse uveal melanocytoma*. The syndrome was originally described as a bilateral but asymmetrical massive pigmentation of the uveal tract of Cairn Terrier dogs that seemed to be causing glaucoma. Histologically, the anterior uvea and even the choroid are thickened by a heavy, diffuse accumulation of large plump cells histologically indistinguishable from those of ordinary canine anterior uveal melanocytoma. The syndrome has been described in a few other breeds in association with glaucoma, but the syndrome remains controversial because one can encounter equally heavy pigmentation in clinically normal globes from breeds that typically have very heavy pigmentation, such as Kerry Blue Terriers, Scottish Terriers, black Labradors, and others. *The causal relationship between the pigmentation and glaucoma therefore remains somewhat controversial.* Some would prefer to refer to the disease as "canine diffuse uveal melanosis," or even as diffuse uveal melanocytoma. Original claims that these accumulating cells are abnormal melanocytes have been challenged by recent electron microscopy, indicating that the majority of the accumulating cells are melanin-laden macrophages. That is perhaps not surprising, and it does not rule out the possibility that this is indeed a melanocytic proliferative disorder that, over time, has had a lot of leakage of melanin and thus a lot of macrophage recruitment.

Key Points**Canine ocular melanocytic tumors: location, location, location!**Histologically identical and completely benign melanocytomas originate in the skin at the eyelid margin, deep within the limbus, in the anterior uvea, and occasionally within the choroid.Locally invasive and potentially metastatic melanomas occur most commonly in bulbar conjunctiva, occasionally in other conjunctival locations, and rarely within the anterior uvea.
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### Tumors of ocular neuroectoderm {#s0935}

*These tumors include iridociliary epithelial tumors from mature anterior uveal neuroectoderm, and medulloepithelioma and retinoblastoma from embryonic neuroectoderm.*

**Iridociliary epithelial tumor (iridociliary adenoma, iridociliary carcinoma)** is by far the most common of this group. Most examples are well-differentiated papillary or tubular adenomas arising from the nonpigmented inner layer of ciliary or iris epithelium ([Fig. 5-80A](#f0405){ref-type="fig"} ). There are certainly examples in which the histologic and cytologic character is more primitive, but metastasis is so rare (if indeed it exists at all) that there is *no justification for diagnosing any of these tumors as iridociliary carcinomas.* Most originate from the pars plicata, but occasionally, the histologic evidence points to origin from posterior iris epithelium. The tumor cells usually resemble mature ciliary epithelium and usually have very little associated stroma. Nuclei are basilar, regular, and are surrounded by eosinophilic cytoplasm ([Fig. 5-80B](#f0405){ref-type="fig"}). The tumor cells are not pigmented, although melanophages are occasionally seen within tumor stroma. *They make an abundance of basal lamina,* oriented, as in normal ciliary epithelium, toward the inside of the eye. Its abundance, easily seen with PAS reagent, is useful in distinguishing ciliary tumors from carcinomas metastatic to the eye. Examples that have little tubular or papillary organization, or a more primitive cytologic character, may be difficult to recognize as being of iridociliary epithelial origin. They almost always retain abundant basement membrane production that can be accentuated with PAS staining. *The cells also stain for vimentin, S-100, and neuron-specific enolase, which makes them unique among tumors that otherwise look epithelial.* Such additional staining may occasionally be necessary to distinguish primitive iridociliary epithelial tumors from metastatic carcinomas.Figure 5-80**Iridociliary adenoma. A.** Typical, discrete expansile white tumor growing into the posterior chamber. **B.** Orderly cord-like proliferation of mature cuboidal cells reminiscent of normal iridociliary epithelium. PAS stain will further accentuate the basement membranes, which are usually very prominent, helping to distinguish this tumor from the occasional well-differentiated metastatic carcinoma.

Even small iridociliary epithelial tumors may cause hyphema or glaucoma, attributed to this tumor\'s strong propensity to induce pre-iridal fibrovascular membranes. This is, presumably, the result of absorption through the porous anterior border layer of the iris of fibrovascular growth factors produced by the tumor cells in an effort to ensure their own survival. Iridociliary tumors are more likely to induce such neovascularization than is any other ocular disease.

**Medulloepitheliomas and retinoblastomas** *arise from the primitive neuroectoderm of the optic cup.* Only those examples that show at least focal maturation into recognizable photoreceptors are classified as retinoblastomas; the others, more or less by default, are classified as medulloepitheliomas*. This retinal differentiation is classically in the form of photoreceptor-like neuroblasts clustered around a central lumen. The apical portions of these neuroblasts are linked by terminal bars reminiscent of the outer limiting membrane of retina, and often have at least a hint of photoreceptor differentiation with positive staining for retinal S antigen.* Retinoblastoma is the second most frequent neoplasm of children, yet a critical review of the veterinary literature reveals only a few credible diagnoses of this tumor.

Conversely, *medulloepitheliomas* are rare in children, but many examples have been observed in animals, mainly in the *horse,* in which these are probably the *most common primary intraocular tumors.* Medulloepitheliomas may originate from any portion of embryonic neuroectoderm and may show differentiation into any neuroectodermal derivative, that is, retina, ciliary epithelium, vitreous, or neuroglia ([Fig. 5-81A, B](#f0410){ref-type="fig"} ). The typical neoplasm is a loose network of branching cords of small basophilic neuroblasts resembling those of embryonic retina. Mitotic figures are numerous. The neuroblasts may form cords reminiscent of ciliary processes, or form primitive rosette-like structures around a lumen of fibrillar hyaluronic acid matrix reminiscent of vitreous. Many tumors also contain foci of cartilage, skeletal muscle, or brain tissue and are classified as *teratoid medulloepitheliomas.* Metastases are very rare, despite many of these being classified histologically as "malignant."Figure 5-81**Medulloepithelioma** in a 9-year-old dog. **A.** Low-power view of this long-standing, purely expansile tumor originating from embryonic neuroectoderm. **B.** Differentiation into primitive retinal rosettes illustrates the pluripotential neuroectodermal origin.
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### Other primary intraocular tumors {#s0960}

#### Feline post-traumatic sarcoma {#s0965}

*This syndrome seems almost unique to cats, but there are 2 recent case reports in rabbits. This description is based on the disease as it occurs in cats.* As the name implies, eyes subjected to trauma, especially penetrating injury, are prone to develop pleomorphic spindle cell sarcomas that destroy the globe and have substantial risk of metastasis. The interval between injury and observed tumor varies from 5 months to 11 years. Those skeptical about claiming such neoplasia to be the result of an injury 10 years previously prefer to call these tumors "primary ocular sarcomas," although such lag times are common in experimental models of carcinogenesis. The risk for injured eyes to develop sarcoma is unknown. Almost all recorded cases have perforated lenses. Most of these tumors appear to be fibrosarcomas, but some have a mixed epithelial-mesenchymal phenotype, and elaborate basement membrane--type matrix as well as express vimentin strongly. Based on immunopositivity for collagen type IV and crystallin alpha A, at least some of these tumors are of lens epithelial origin. Of relevance to ocular surgeons is the development of sarcomas in cat eyes receiving prosthetic lens implants, presumably viewed by the eye as just another form of unwanted lenticular trauma.

*The tumor itself varies from fibrosarcoma to osteosarcoma to giant cell tumor,* varying even within the same eye. The tumor tends to first surround the lens, then to line the inside of the eye, and finally to extend via scleral venous plexus or optic nerve to involve the orbit ([Fig. 5-82A, B](#f0415){ref-type="fig"} ). *The inclination to "line the globe" is a repeatable feature that is useful in distinguishing primary ocular sarcoma from rare metastatic sarcomas.* Most cases are presented with advanced disease, and follow-up data to document the prevalence of metastasis are scant. Available evidence documents a metastatic risk of at least 60%, and, in many cases, there is remarkably rapid development of post-enucleation neurologic signs attributable to invasion of brain via the optic foramen.Figure 5-82**Post-traumatic sarcoma in a cat. A.** Ruptured lens is surrounded by dense white proliferative tissue. **B.** Lens epithelium escaping through a rupture in the anterior lens capsule creates a proliferative plaque of pleomorphic fibroblast-like cells with hyperchromasia and nuclear gigantism.

#### Spindle cell tumor of blue-eyed dogs {#s0970}

A locally invasive spindle cell tumor tentatively identified as schwannoma, based on immunohistochemical reactivity, occurs within the iris of blue-eyed dogs (or in blue portions of dogs with multicolored irises). Most cases have been in Australian Shepherd dogs. The histologic features are identical to low-grade spindle cell tumors anywhere else. There is a single report of metastatic spread.
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### Optic nerve tumors {#s0990}

Although the optic nerve and adjacent retina can presumably develop all of the neoplasms of the central nervous system (excepting those from tissues such as ependyma that are not present in the eye), documented examples are few indeed. Most are reported as individual case reports prior to the era of immunohistochemical markers that would have permitted more precise classification.

**Optic nerve meningioma** *has a distinctive macroscopic and histologic appearance.* It has been described only in dogs, although it will probably be seen in other species as we begin to look. The tumor probably arises from meningeal rests of arachnoid cells that project through the dura mater of the optic nerve into the orbital connective tissue. Tumors arising from these cells create a conical soft tissue mass that surrounds the optic nerve, but usually remains within the cone created by the extraocular muscles. Limited extension into the choroid or posterior vitreous through the optic nerve occurs only occasionally; more often, there is infiltration into the muscle and fat of the orbit. Most often, *the histologic appearance is of large stellate mesenchymal cells that can be confused with epithelial cells.* They have abundant glassy eosinophilic cytoplasm, and may or may not form the *characteristic swirling pattern* typical of central nervous system meningiomas in general ([Fig. 5-83](#f0420){ref-type="fig"} ). Myxoid, chondroid, or even osseous metaplasia is quite common. Metastasis appears to be extremely infrequent.Figure 5-83**Optic nerve meningioma.** These resemble meningiomas elsewhere, although often exhibiting particularly prominent "squamous" metaplasia as seen here**.** The osseous metaplasia is common. Almost all examples have perineural expansile growth limited to the interior of the cone created by the extraocular muscles, a growth habit so distinctive that these tumors can be diagnosed quite reliably with advanced imaging. *N,* optic nerve.

Tumors published as **optic nerve astrocytomas** or as less specific "gliomas" were, in retrospect, *more likely to be examples of proliferative optic neuropathy* with the accumulation of reactive astrocytes and macrophages.

### Primary orbital neoplasms {#s0995}

Tumors may be primary within the orbit, or arise by extension from adjacent structures or by hematogenous localization. They usually produce deviation or protrusion of the globe with secondary desiccation keratitis. Only those arising as primary tumors within the orbit are considered here. After saying that, *it is not always easy to decide whether the tumor is indeed primary or not,* and the decision is often made only after failure to find any credible primary tumor elsewhere. Of the primary orbital tumors reported in dogs and in horses, *sarcomas are much more prevalent than epithelial tumors.* The sarcomas are a bewildering array of locally infiltrative spindle cell tumors of unknown origin, with the abundance of diagnoses probably reflecting the diversity of pathologists\' opinions rather than actual proof of histologic identity. Metastasis is rare, but their infiltrative growth habit in this difficult site makes eventual elective euthanasia a frequent outcome.

Among the primary sarcomas, the only ones deserving specific consideration because of a distinctive histologic appearance are *multilobular osteochondrosarcomas* and *optic nerve meningiomas.* The latter were described in the preceding section. The **multilobular osteochondrosarcomas** arise from the aponeuroses between adjacent bones of the orbit, and are identical in appearance and behavior to this tumor arising elsewhere in the canine skull.

Most primary epithelial tumors of the canine orbit are **lacrimal adenocarcinomas,** *which are locally invasive, recur after attempted resection, but which apparently have little metastatic potential.* In truth, there is so little follow-up information about these uncommon tumors that any statement about metastatic risk is premature. Both adenoma and nodular hyperplasia occur, but seem much less frequent than the malignant tumors. Tumors infiltrating the orbit from the nearby *zygomatic salivary gland* are similar histologically and behaviorally to lacrimal adenocarcinomas. They can sometimes be distinguished on the basis of location alone, but it is also helpful that the zygomatic gland is a mixed salivary gland with a prominent mucinous component that may be retained in well-differentiated tumors. The lacrimal gland is purely serous.

**Primitive neuroepithelial tumors** of unknown origin are occasionally seen in young dogs and in horses. They are composed of nests, cords, and rosette-like structures formed by small hyperchromatic neuroblastic cells with a very high mitotic index. Very rapid spread throughout the orbit and into brain occurs in affected dogs, but the extremely sparse information on these tumors in horses (4 cases in 2 reports) suggest that they may be much less aggressive in horses than in dogs.

### Tumors metastatic within the globe and orbit {#s1000}

*The list of tumors that may be found as metastatic localizations within the globe or orbit is the same as any list of metastatic neoplasms in general.* Any estimates of prevalence are unreliable because the globe is not routinely investigated in animals dying from disseminated malignancy. *Most of the reported cases are carcinomas,* simply because carcinomas are more likely to undergo hematogenous dissemination than are sarcomas, with the round cell "lymphoreticular" malignancies being a notable exception. In dogs, the most common are probably transitional cell carcinomas and mammary carcinomas, whereas, in cats, mammary adenocarcinoma and bronchial adenocarcinomas are probably the most prevalent. Across all species, however, malignant lymphoma is undoubtedly at the top of the list both as an intraocular and as an orbital metastatic tumor.
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===

Bradley L. Njaa

General Considerations {#s1030}
----------------------

Although dogs and cats and other animals have been used as model systems for human otic disease, much of the published information on these studies has laid dormant, rarely referenced in the veterinary literature. In recent decades, the importance of and better understanding of otic disease and anatomy has expanded with the inclusion of various diagnostic modalities, such as advanced imaging techniques, behavioral studies, histologic investigations, and the use of brain auditory-evoked responses (BAER) as well as newer more sophisticated measures of hearing. This has led to an expanding repository of ear-related publications in domestic animal species that include a renewed understanding of a wide range of conditions that include deafness as a discerning clinical feature, an expanding list of causes of peripheral vestibular disease, middle ear conditions related to vestibulocochlear and/or facial nerve deficits, and an ever-expanding group of dermatologic, pinna-associated conditions.

Part of the dearth of reports on the pathology of the ear in the veterinary literature may be the result of the perception that hearing remains secondary or tertiary to the senses of sight and smell, which are considered of greater functional importance in domestic animals. Yet, prevention of predation and the advent of domestic animals functioning as working companions for the hearing-impaired necessitate a greater understanding of otic anatomy as well as function and dysfunction. Of equal or greater significance is the requisite time and effort required to properly prepare and process internal and middle ear portions for histologic examination. Because the ear is a complex amalgam of an osseous encasement, articulated sound-transducing ossicles, delicate sensory epithelium, complex innervation, fluid-filled and air-filled compartment interfaces, and skin-covered auricular cartilage and bone, a typical "complete" autopsy frequently excludes gross examination and rarely progresses to histologic evaluation. Even when all signs point to cochlear, vestibular, or middle ear maladies, many publications, regrettably, exclude or merely include limited investigation.

To follow is a discussion of the pertinent anatomic features of the various compartments and structures of the ear, as well as methods to aid and encourage processing and investigation. This highly specialized sensory organ will be divided into its 3 functional domains: internal, middle, and external ear. Although this compartmentalization is anatomically and functionally useful, conditions with domain overlap will be clarified in the text. This section is not exhaustive but highlights the majority of conditions reported in domestic animals.

Internal Ear {#s1035}
------------

Originating as bilaterally symmetrical embryonic ectoderm placodes at the level of the myelencephalon, internal ear primordia invaginate to form the otic vesicle (otocyst) around day 22 post fertilization in the dog (corresponding days for various species: 15, cat; 17, pig; 18, sheep; 23, cattle; 21, horses). The ectoderm will become the endolymphatic compartments, and the surrounding mesenchyme-derived cartilaginous otic capsule eventually becomes the bony labyrinth of the ossified petrous portion of the temporal bone.

The **bony labyrinth** (the space within the petrous portion of the temporal bone housing the membranous labyrinth) of the internal ear can be divided into 3 interconnected compartments: the rostral cochlea, the middle vestibule, and the caudal semicircular canals. (*Auris interna* means "internal ear," and is more correct than the more commonly used inner ear.) The perilymph-filled space of the cochlea comprises the *scala vestibuli* and *scala tympani*, which connect at the apical end via the *helicotrema*, surround the *vestibular sacculus and utriculus* and the *3 semicircular canals* subdivided by numerous fine trabeculae, and finally communicate via the perilymphatic duct near the base of the cochlea with the subarachnoid space. Perilymph is a distillate of serum with similar ionic characteristics.

The **membranous labyrinth** is an endolymph-filled, epithelial-lined, otic vesicle--derived, ductular system that includes the cochlear duct rostrally, which connects basally to the sacculus via the reuniens duct. The utriculosaccular duct is a narrow connection between the utriculus and sacculus from which the endolymphatic duct ([Fig. 5-84](#f0425){ref-type="fig"} ) extends through the vestibular aqueduct of the petrous portion of the temporal bone into the dura mater of the caudal cranial fossa. Finally, the modestly dilated ampullae of each semicircular canal that houses the sensory portion is connected directly with the utriculus.Figure 5-84The **normal membranous and bony labyrinth** from a healthy cat. The vestibular membrane extends from the outer spiral ligament to the inner spiral osseous lamina, forming the partition between the cochlear duct and scala vestibuli. The basilar membrane is a flexible membrane that spans between the spiral osseous lamina and spiral ligament, forming the partition between the cochlear duct and scala tympani. The spiral organ rests atop the basilar membrane and outer portion of the spiral osseous lamina.(Courtesy G. Pagonis, Massachusetts Eye and Ear Infirmary.)

Sandwiched between the scala vestibuli and scala tympani is the triangular *cochlear duct* (scala media) encased in a bony *otic capsule*. Spiraling rostrally and ventrally from the vestibule, these melded cavities wind around a central osseous axis known as the *modiolus*. The number of turns is species dependent: sheep, 2.25; horses, 2.5; cat, 3; dogs, 3.25; cattle, 3.5. Within the central modiolar bony cavity lies the cochlear portion of the *vestibulocochlear nerve*. The *spiral osseous lamina* is a bony shelf of the modiolus that is morphologically similar to the thread of a screw and through which courses the spiral ganglion and nerve fibers that innervate the sensory cells of the spiral organ (organ of Corti) ([Fig. 5-85](#f0430){ref-type="fig"} ). The cochlear duct ends blindly at the apex in the cupula; however, in this region, the scala vestibuli and scala tympani meet via the helicotrema. Toward the basal end, the scala vestibuli is connected to the *vestibular window* (oval window) that houses the stapes, whereas the scala tympani terminates in the cochlear window (round window) across which is a thin membrane. Basally, the cochlear duct also ends bluntly but maintains a small ductular connection with the sacculus via the reuniens duct.Figure 5-85A mid-modiolar section through the cochlea, vestibule, tympanic cavity, and external acoustic meatus of a **normal cat.***\*,* cochlear duct; *\*\*,* scala tympani; *\*\*\*,* scala vestibuli; *@,* endolymphatic sac; *A,* auricular cartilage; *B,* basal turn of the cochlea; *BS,* brainstem; *C,* cochlear branch of the vestibulocochlear nerve; *EAM,* external acoustic meatus; *F,* facial nerve; *FCF,* facial canal foramen; *IAM,* internal acoustic meatus; *M,* modiolus; *MI,* malleus and incus; *R,* epitympanic recess; *S,* stapes; *Sa,* sacculus; *SM,* stapedius muscle; *T,* tympanic cavity; *TM,* tympanic membrane; *TR,* tympanic ring; *U,* utriculus; *V,* vestibulocochlear nerve.(Courtesy G. Pagonis, Massachusetts Eye and Ear Infirmary.)

The stria vascularis aligns along the inner surface of the spiral ligament of the cochlea located along the outer edge of the cochlear turns (see [Fig. 5-84](#f0425){ref-type="fig"}). It spans from the spiral prominence adjacent to the basilar membrane to the *vestibular (Reissner\'s) membrane*. True to its name, it is richly vascularized and composed of at least 3 functional layers: *marginal cells, intermediate cells, and basal cells*. Marginal cells are mitochondria-rich, otic vesicle--derived epithelial cells that line the inner edge of the stria. Specialized apical membrane channels represent the source for potassium found in high concentration in endolymph. Intermediate cells are neural crest--derived melanocytes that play a critical role in recycling potassium retrieved through a complex network of critical membrane pumps and epithelial and mesenchymal cells interconnected by gap junctions. Thus certain breed-associated hearing dysfunction conditions in animals with phenotypic pigment alterations are related to defective intermediate cell function in the stria vascularis. Finally, the basal cells maintain a barrier via tight junctions between the intrastrial space and the perilymph.

*Endolymph* is a unique extracellular fluid because its predominant cation is potassium, and its electrical potential is positive by 90 mV relative to the perilymph. Maintenance of this high electrical and ionic potassium potential requires a properly functioning stria vascularis. Part of the maintenance requires competent tight junctions anchoring the apical domains of the epithelium that line the cochlear duct. Any loss of this energy-costly electrical potential gradient or failure to maintain high ionic potassium will result in hearing impairment, vestibular dysfunction, or both.

Spanning between the osseous spiral lamina and the spiral ligament is the *basilar membrane,* upon which sits the spiral organ and which separates the cochlear duct from the scala tympani ([Fig. 5-86](#f0435){ref-type="fig"} ). Specialized *sensory hair cells* and supporting cells complexly align to form this unique sensory structure. The spiral limbus is a thick tuft of interdental cells that overlays the osseous spiral lamina, which terminates toward the modiolus near the modiolar terminus of the vestibular membrane. Extending from the surface of the spiral limbus is a gelatinous structure, the *tectorial membrane*, which overlays the hair cells of the spiral organ. This membrane comprises collagen proteins (types II, V, IX, XI), produced by the cells of the developing spiral organ that eventually regress, and various glycoproteins (otogelin, α-tectorin, β-tectorin) produced by limbal cells, resulting in a striated mosaic in which outer hair cell stereocilia are embedded.Figure 5-86Both inner and outer hair cells are the **sensory cells of the spiral organ** from this healthy cat with normal hearing. Sound energy is transformed into fluid waves in the scala vestibuli as a result of oscillating movements of the stapes in the vestibular window. Scala vestibular fluid waves result in deflection of the basilar membrane in the region of the cochlea corresponding to the resonant frequency of the incoming sound, causing hair cell apical stereocilia to deflect, depolarize, and transmit to the auditory portions of the brainstem and auditory cortex. *\*,* outer hair cells; *\#,* outer phalangeal cells; *•,* inner hair cells; *♦,* inner phalangeal cells; *BM,* basilar membrane; *CD,* cochlear duct; *N,* nerve fibers; *O,* osseous spiral lamina; *Pi,* inner pillar cells; *Po,* outer pillar cells; *SL,* spiral limbus; *ST,* scala tympani; *SV,* scala vestibuli; *T,* inner tunnel; *TM,* tectorial membrane; *V,* vestibular membrane.(Courtesy G. Pagonis, Massachusetts Eye and Ear Infirmary.)

**Sensory hair cells** are specialized epithelium with apical stereocilia that alter membrane polarization in response to fluid-wave--induced deflection or bending. Inner hair cells form a single row of cells that are closest to the osseous spiral lamia of the modiolus (see [Fig. 5-86](#f0435){ref-type="fig"}). Depending on the species, 3-5 rows of outer hair cells overlie the basilar membrane, all extending the length of the cochlea and representing 75-80% of the sensory cell population in the cochlea. Between the inner and outer hair cells is the *inner tunnel* (tunnel of Corti) formed by the *inner and outer pillar cells*. These cells align such that they have interlocked heads nearest the tectorial membrane but broader feet that are in contact with the basilar membrane, forming a triangular tunnel. These cells contain networks of microtubules conferring a region of rigidity. The inner edge of the inner pillar cell is in close apposition to the spiral osseous lamina and is the functional fulcrum for basilar membrane deflection. Outer hair cells align adjacent to the outer pillar cells and have basal support from *outer phalangeal cells* (Deiters\' cells) containing structural microtubules and microfilaments that provide rigidity. Outer phalangeal cells fittingly have a phalangeal process that provides support to outer hair cells through apical tight junctions. Several other epithelial and supporting cells function in part to facilitate potassium recycling through gap junctions and also via tight junctions to maintain the electrical and potassium potential in endolymph.

*Spiral ganglion cells* are the cell bodies of bipolar neurons located within the spiral osseous lamina of the modiolus that provide afferent innervation to the cochlea. Nerve fibers extend through the habenula perforata of the spiral osseous lamina to synapse with the hair cells. From 10-30 afferent nerve fibers synapse with the inner hair cells, and in all mammals, inner hair cells synapse with 90-95% of afferent cochlear nerve fibers. Conversely, very few afferent nerve fibers make contact with outer hair cells, with one nerve synapsing groups of 10-20 outer hair cells. However, numerous efferent nerve fibers from the trapezoid nuclear complex synapse with the outer hair cells.

The caudal ![](if005v001-005-9780702053177.gif) of the petrous portion of the temporal bone is for *peripheral vestibular function*. Both the sacculus and utriculus are endolymph compartments within the vestibule that contain sensory maculae oriented in vertical and horizontal planes, respectively. Sensory cells are hair cells, types I and II, similar to those in the spiral organ, with the addition of a single kinocilium. Overlying the macular hair cells is the otolithic membrane composed of *otoconia* or *otoliths* embedded in a glycosaminoglycan matrix. Otoconia are organic crystals composed of calcium carbonate and various other inorganic elements. Degeneration of otoconia via aging, disease, or intoxication can lead to peripheral vestibular dysfunction.

**Semicircular canals** connect directly with the utriculus, each oriented perpendicular to each other, representing 3 spatial planes: anterior (vertical), posterior, and lateral (horizontal) canals. The lateral canal connects to the utriculus at both ends, one ampullated, one not, whereas only the ampullated ends of both the anterior and posterior canals attach to the utriculus, but the nonampullated ends join to form a common crus that communicates with the utriculus. Ampullated connections are dilated regions composed of the osseous ampullae representing the bony labyrinth of the vestibular system and the endolymph-filled membranous labyrinth. The sensory structures in the membranous labyrinth are semilunar cristae that contain apical hair cells overlaid by a gelatinous cupula. Nerve fibers of the vestibular portion of cranial nerve (CN) VIII penetrate the maculae cribrosae to synapse with the hair cells.

Sensory cells are *hair cells, types I and II*, similar to those in the spiral organ, with the addition of a single *kinocilium* per cell in addition to numerous stereocilia. The kinocilium is the only apical appendage that is a true cilium with appropriate microtubule arrangements. Stereocilia are in descending lengths moving from the kinocilia. Central to the maculae is the *striola*, which represents an axis in which hair cells reverse their orientation; kinocilia are polarized away from the axis. Bending of apical hair cell bundles toward the kinocilium is excitatory, whereas movement away from the kinocilium is inhibitory.

The *vestibulocochlear nerve* enters the internal acoustic meatus of the petrous portion of the temporal bone along with the *facial nerve*. The cochlear portion of CN VIII courses rostrally and enters the central core of the modiolus of the cochlea, whereas the vestibular portion of the vestibulocochlear nerve courses caudally, with branches innervating the utriculus, sacculus, and 3 ampullated cristae. The facial nerve courses through the facial canal, exiting through the stylomastoid foramen caudal to the osseous external acoustic meatus and dorsal to the tympanic bulla, with the chorda tympani coursing through the middle ear and crossing the medial surface of the tympanic membrane and a stapedial branch that innervates the stapedius muscle.
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### Hearing and the internal ear {#s1065}

Tympanic membrane vibrations from sound energy produce inward movements of the stapes into the perilymph of the scala vestibuli. Because the bony labyrinth scalae form a singular closed fluid compartment connected to the cochlear window at the terminal end of the scala tympani, the magnitude of the inward deviation of the stapes is matched by the outward bulging of the cochlear window. An extremely thin vestibular membrane separates the scala vestibuli from the cochlear duct, and stapes movements cause fluid waves in the scala vestibuli to directly transmit to the cochlear duct with minimal deviation. However, the flexible basilar membrane that forms the base of the cochlear duct pivots in response to the fluid wave.

Extending the full length of the cochlear duct, the basilar membrane is narrow and thick at the base of the cochlea, becoming wider and thinner toward its apex. *This progressive basilar membrane variation corresponds to how the ear is tuned to sound;* high-frequency sounds are detected in the basal turns of the cochlea and low frequencies toward the apex. In other words, low-frequency sound energy travels through the perilymph of the scala vestibuli toward the apex and only deflects the portion of the basilar membrane with a corresponding resonant frequency, whereas higher-frequency sounds vibrate the basilar membrane in the more basilar portion of the cochlea. The length of the basilar membrane then determines the frequency range of sound detection for any particular species. Similarly, cochlear hair cells and associated ganglion cells are tonotopically organized such that these neurons and hair cells are "tuned" to the resonant frequency based on their location in the cochlea and their corresponding dorsal region of the ectosylvian gyrus in the auditory cortex, where high-frequency sound detection is rostral and lower-frequency sound detection is more caudal.

Sound detection within the internal ear begins as fluid waves deflect the basilar membrane corresponding to the sound frequency. Fluid vibrations cause stiff stereocilia to pivot at their narrowed points of the connection with the apical plasma membrane. Specialized tip links, composed of cadherin 23 and protocadherin 15, connect tips of stereocilia that progressively decrease in height to lateral membrane transduction channels of taller adjacent stereocilia. Tension or relaxation of the tip link--related deflection of stereocilia toward or away from their taller neighbors results in opening or closing of the transduction channels. Open channels favor rapid "downhill" influx of K^+^ and Ca^2+^ into the hair cell cytoplasm because of the extremely high K^+^ ionic content and the strong electrical potential gradient between endolymph and intracellular fluid.

The basolateral membrane of inner hair cells is coupled to numerous afferent synapses. Up to 200 synaptic vesicles containing glutamate congregate near these synaptic ribbons. Depolarized inner hair cell neurotransmitters released at synaptic ribbons bind to glutamate receptors and produce postsynaptic action potentials. This translates into detection of sound in the auditory cortex as well as the important reflex arc for the acoustic reflex.

Outer hair cells have a fraction of the afferent nerve fibers relative to inner hair cells but receive significant efferent innervation. Fluid-wave deflections lead to depolarization of outer hair cells as described previously, but are directly related to tectorial membrane movement within which outer hair cell apical stereocilia are embedded. Unique to the outer hair cells is the ability to lengthen and shorten through voltage-dependent conformational change of a membrane protein, prestin, related to binding or release of chloride anions. This size variation is termed *electromotility*, whereby outer hair cells are essentially small cellular motors that fluctuate their linear length. Inner hair cells and vestibular hair cells lack this electromotility. Functionally, *outer hair cells are part of a feedback loop*. Sound-induced afferent neural traffic to the brainstem trapezoid nuclei return efferent signals to modify outer hair cell shape and responsiveness, serving to amplify or dampen sound detected by inner hair cells and help acoustically tune incoming sound to the appropriate region of the cochlea.
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### Hearing impairment {#s1090}

The complex physiology of hearing briefly presented previously highlights several potential avenues for dysfunction. Globally, *hearing dysfunction is congenital or acquired*. Further, hearing dysfunction is subclassified as *sensorineural or conductive*. Dysfunction or disease of the cochlea and its neural connections broadly defines sensorineural hearing impairment, whereas anatomic and functional impairment of the ossicular chain, tympanic membrane, and external acoustic meatus encompass conductive hearing dysfunction.

#### Congenital hearing impairment {#s1095}

##### Storage diseases. {#s1100}

A number of lysosomal storage diseases are reported in domestic animals. **Mucopolysaccharidoses** (MPS) represent a group of mostly autosomal recessive hereditary diseases that comprise a range of defects in glycosaminoglycan metabolism. **MPS I** is reported in dogs and cats, and disease is related to *deficiency of α-L-iduronidase*. Internal ear lesions in dogs include vacuolation of the intermediate cells and perivascular macrophages in the stria vascularis, basilar membrane mesenchymal cells, fibroblasts of spiral ligament and limbus, scala tympani lining cells, vestibular membrane cells, spiral ganglia, and macrophages within the cochlear nerve. Additionally, ossicular osteocytes and chondrocytes are markedly enlarged relative to cytoplasmic vacuoles, and there is bony deformation. Finally, the middle lamina of the tympanic membrane is thickened because of vacuolated macrophages. Brain auditory-evoked responses (BAER) testing confirms that hearing impairment is sensorineural and retrocochlear (beyond the inner ear in neural pathways and nuclei).

**MPS II** is the only X-linked disease related to iduronate-2-sulfate sulfatase deficiency and associated with deafness in people. It was reported in a male Labrador Retriever; however, hearing was not assessed and ears were not examined.

**MPS VII** has been reported in dogs from accumulation of glycosaminoglycan residues with terminally β-linked glucuronic acid. *Deficiency of lysosomal enzyme β-glucuronidase* is associated with external, middle, and internal ear lesions. External ear canals were markedly stenotic and tympanic membranes thickened, related to mononuclear infiltration and hyperkeratosis. Auricular ossicles have enlarged, vacuolated osteocytes and chondrocytes, and are encased in mesenchyme along with marked, chronic otitis media with macrophage and lymphocyte infiltration. The mucoperiosteum was markedly thickened. In aggregate, these restrictive middle ear lesions result in conductive hearing loss. Internal ear changes included vacuolar changes in marginal and basal cells of the stria vascularis, fibroblasts of spiral limbus, and spiral ligament and scala tympani lining cells. No cochlear lesions were observed.

**β-Mannosidosis** has been thoroughly described in Nubian goats and Salers calves because of *congenital lysosomal β-mannosidase deficiency*. Pinnae are bilaterally abnormally positioned and shaped. Tympanic bullae are smaller in both, depicting abnormal luminal projections in goats with a thickened mucoperiosteum that contains vacuolated fibroblasts. Most of the mesenchymal and epithelial cells of the scala and cochlear ducts, including the spiral organ as well as spiral ganglia, were abnormal because of distorting cytoplasmic vacuoles. Vacuolated macrophage infiltration was reported only in the Nubian goats. BAER testing confirmed sensorineural deafness in the goats, whereas testing in the calves depicted normal peaks temporally delayed. Initial descriptions of the disease in veterinary species preceded its eventual identification in people by several years.
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##### Hereditary deafness. {#s1115}

Certain pigmentary phenotypes of hair coat and eye color have been linked to deafness. Pigmented neural crest--derived intermediate cells are considered important for the stria vascularis to function normally. Classic early investigation of deaf Collies and Dalmatians in 1948 determined *diminished pigment in strial intermediate cells*. The spectrum of lesions often involves both the cochlea and sacculus and is thus termed **cochleosaccular degeneration** or *Scheibe-type deafness*. Cochlear lesions include cochlear duct collapse with a vestibular membrane that remains intact; stria vascularis atrophy in all turns, with loss of capillaries and diminished melanin; abnormal texture or location of the tectorial membrane; degeneration of pillar cells, hair cells, and potentially phalangeal cells; and cochlear nerve and ganglion cell atrophy that lags behind hair cell degeneration ([Fig. 5-87](#f0440){ref-type="fig"} ). Saccular collapse ranges from partial to complete and is most pronounced in close proximity to the cochlear window. The macular neuroepithelium of the sacculus degenerates, as does the saccular nerve. However, maculae and cristae of the utriculus and semicircular ampullae, respectively, remain morphologically normal.Figure 5-87A young deaf puppy with **sensorineural deafness,** depicting complete collapse of the cochlear duct. The vestibular membrane is in close apposition to the markedly atrophic stria vascularis. Pillar cells are present but severely atrophic. The spiral organ is complete distorted with loss of outer and inner hair cells and jumbling of the phalangeal cells. The tympanic membrane is in an abnormal location and smaller than normal. Pillar cells are intact but also markedly atrophic. *BM,* basilar membrane; *N,* nerve fibers; *O,* osseous spiral lamina; *SL,* spinal limbus; *ST,* scala tympani; *SV,* scala vestibuli; *TM*, tectorial membrane.(Courtesy G. Pagonis, Massachusetts Eye and Ear Infirmary.)

Cochleosaccular degeneration is confirmed in *blue-eyed white cats*, as well as various *dog* breeds: Australian Cattle dogs, Australian Sheepdogs, Border Collies, Bull Terriers, Norwegian Dunkers, West Highland White Terriers, Great Danes, Great Pyrenees, Louisiana Catahoula Cattle dogs, Old English Sheepdogs, Maltese, and Dachshunds. This mechanism is presumed in *alpacas and llamas* with pure white hair coats and blue irides, proven deaf by BAER, however, not yet confirmed with histopathology. Functionally, defective or inadequate strial intermediate cells translate into failure to maintain normal endolymph necessary for proper mechanotransduction of fluid waves into sound recognition.

A different form of deafness known as **neuroepithelial degeneration** has been reported in Dobermans, a Rottweiler, and "nervous Pointer dogs." In Dobermans, all cochleae examined histologically displayed *progressive degeneration of the spiral organ*. Most dramatic were shrunken outer hair cells, with loss of or abnormal stereocilia becoming splayed, fused, or clubbed. Beginning in the middle turn by 11 weeks, most outer hair cells degenerate, and the defect is filled by the expanded surface of phalangeal processes of outer phalangeal cells. Steadily, inner hair cells and pillar cells were lost followed by loss of nerve fibers and spiral ganglia. Lesions were not observed in stria vascularis or vestibular membranes. Similarly, severe *bilateral spiral organ and spiral ganglion degeneration* is reported in the Rottweiler, with spiral ganglion changes occurring earlier and being more severe than in Dalmatians. Also, inner hair cells were more severely affected than outer hair cells. The cochlear duct did not collapse. Likewise, nervous Pointer dogs have lesions confined to the spiral organ and spiral ganglion, with the apical turn preferentially spared. The most severely affected depicted an estimated 70-90% loss of neurons in the basal turn. Abnormalities are not identified in the stria vascularis.

**Deafness in Paint horses** has been investigated, and BAER testing confirms a strong correlation with particular phenotypes. One group has confirmed that most deaf horses have splashed white or splashed white-frame blend coat patterns. All horses had extensive white markings to the head, most commonly designated as bald, apron, or bonnet face. Similarly, all horses had prominent white markings involving 2 or more limbs. Every deaf horse had at least 1 partially heterochromic iris, with most having 2 blue irides and partial nonpigmentation of palpebral skin. Endothelin B receptor *(EDNBR)* gene mutations were confirmed in 31 of 34 deaf horses. *EDNBR* gene mutation is also associated with the overo lethal white foal syndrome.

*Otosclerosis* is a hereditary disorder of endochondral ossification of the otic capsule in people, with no comparable animal model. Bony remodeling and new bone formation in the otic capsule is most clinically evident as conduction hearing dysfunction when the vestibular window is involved. The excess bone results in ankylosis of the stapediovestibular joint, which prevents ossicular transmission of sound energy to the internal ear. Speculation exists for an infectious etiology related to measles infection in people.
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#### Acquired deafness {#s1130}

**Otitis interna** or *labyrinthitis* is most commonly linked to *concurrent otitis media* ([eFig. 5-1](#f0445){ref-type="fig"}). Bacteria are most commonly cultured from the inflamed tympanic cavity or from the cranial cavity following penetration through the internal acoustic meatus. The cochlear window in cats was investigated as the most plausible region for spread of middle ear infection to the internal ear. Initially, permeability was increased, but with chronicity, the permeability decreased. In swine, suppurative otitis media most commonly caused by β-hemolytic streptococci resulted in neutrophilic infiltration of the cochlea, sacculus, and utriculus, but lacked widespread infiltration into the osseous labyrinth.

eFigure 5-1A guinea pig with **heterophilic otitis media** (T) **and otitis interna** (labyrinthitis). In the internal ear, the suppurative exudate is present in the perilymph-filled vestibular bony labyrinth (V) as well as within the endolymph-filled utriculus (U). Undulating bone surrounding the facial canal (FC) depicts bony erosion of the petrous temporal bone resulting from suppurative otitis media. *\*,* syndesmoses of the stapes anchored in the vestibular window; *F,* facial nerve; *FC,* facial canal; *IS,* incudostapedius joint; *S,* stapes; *T,* tympanic cavity; *U,* utriculus; *V,* vestibular bony labyrinth.

Canine distemper virus has been implicated as a cause of labyrinthitis that likely penetrates the membranous labyrinth via a hematogenous route. Inclusion bodies are observed in the cells in the middle and internal ear. Rarely, fungal infections, such as *Cryptococcus* spp., have been associated with feline labyrinthitis. A single case of disseminated canine protothecosis with BAER-confirmed deafness reported abundant *Prototheca zopfii* in the cochlea, along with a prominent plasmacytic infiltrate. Reported disruptions to the spiral organ were likely artifacts related to tissue processing. The end stage of chronic bacterial labyrinthitis in people is formation of granulation tissue, followed by fibrosis and ossification, termed *labyrinthitis ossificans*, which to date has not been confirmed in domestic animals.
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##### Presbycusis. {#s1150}

*Age-related hearing loss*, also called presbycusis, is defined in dogs as rapid, progressive loss of middle- and high-frequency hearing starting at 8-10 years of age. Lesions are typically mixed, including sensory, neural, and metabolic changes. Sensory changes include a radial gradient loss of the first and second rows of outer hair cells preferentially affecting the basal as well as middle cochlear turns. Inner hair cells are lost but much less severely. Primary loss of afferent nerves and loss of ganglion cells defines the neural changes. Finally, stria vascularis is thinner in all cochlear turns because of shrunken intermediate cells and marginal cell vacuolation. Cochlear nuclei are affected as well, with nerve cell loss, astrogliosis, and ubiquitin deposition in all dogs \>10 years of age. BAER testing confirms hearing impairment; however, degree of hearing dysfunction and severity of cochlear duct lesions are not correlated. *Presbycusis is considered the cumulative effect of environmental noise, hereditary factors, concurrent disease, and exposure to ototoxic agents.*

Similarly, BAER testing has confirmed partial deafness in a group of non-Paint, older horses with an age range of 17-22 years compared with a younger group of 5-8 year-olds. Analysis of the waves and latencies supported possible high-frequency cochlear dysfunction, implying mechanisms similar to those observed in dogs with presbycusis. This hearing impairment was not appreciated based on clinical and behavioral assessment, although these tests are subjective and can be unreliable.
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#### Traumatic causes of deafness {#s1165}

##### Acoustic trauma. {#s1170}

Based on studies in the cat, the most vulnerable portions of the internal ear to acoustic trauma include the spiral organ, spiral ligament and limbal fibrocytes, and spiral ganglion cells. Injury to the spiral organ begins as loss of outer and/or inner hair cells, followed by complete loss of the spiral organ. Loss of spiral ganglion cells may be "secondary" to the "primary" loss of hair cells or can occur independent of hair cell loss. Only in extreme explosive instances is there corresponding injury to auditory ossicles or rupture of the tympanic membrane.

##### Radiation. {#s1175}

Irradiation injury to the internal ear includes early changes and late changes. *Early changes* include loss of outer hair cells of the basal cochlear turn, preferential loss of type II hair cells in the periphery of maculae and cristae, and severe degeneration of cochlear neurons. *Late reactions* include degenerative changes to spiral and annular ligaments; rupture of the cochlear duct, leading to spiral organ degeneration; and osteoradionecrosis. Necrotic bone is characterized by empty lacunae, osteolysis, loss of bone marrow, and reparative fibrosis, and is prone to injury and fracture.

##### Ototoxicity. {#s1180}

Most of the compounds known to be ototoxic were initially discovered in people and further investigated in animals as models. Interestingly, *most ototoxic compounds are also nephrotoxic* because of common molecular mechanism of the internal ear and kidney in addressing fluid and ionic homeostasis. In most instances, toxic compounds exert their toxic effects as irreversible injury to hair cells in the spiral organ, the utricular and saccular maculae, and cristae of the semicircular canals in aggregate or with more anatomic specificity ([eFig. 5-2](#f0450){ref-type="fig"}). In cats, *amikacin* exerts its effects almost exclusively on the cochlear hair cells, whereas *gentamicin* more specifically caused hair cell damage to vestibular maculae. However, histologic studies confirm that gentamicin will also lead to loss of outer hair cells of the basal turn of the cochlea as well as preferential loss of type I hair cells of the cristae ampullares and striolar region of the utricular and saccular maculae. *Cisplatin* not only damages the outer hair cells but also may induce degeneration of the stria vascularis. *Chlorhexidine* can damage both inner and outer hair cells of the spiral organ and is much more toxic in cats than dogs. *Salicylates* and loop diuretics, such as *furosemide*, typically induce more temporary effects by disrupting membrane conductance. In the case of loop diuretics, edema and degeneration of the stria vascularis are documented.

eFigure 5-2**Aminoglycoside ototoxicity** in a cat, with loss of 2 of the 3 outer hair cells as well as fewer spiral ganglion cells and fewer nerve fibers coursing through the spiral osseous lamina. Supportive outer phalangeal cells remain intact. The inner hair cell, pillar cells, vestibular membrane, and tectorial membrane are unremarkable. *\* ,* outer hair cell; *\#,* outer phalangeal cells; *•,* inner hair cells; *♦,* inner phalangeal cells; *BM,* basilar membrane; *CD,* cochlear duct; *G,* spiral ganglia; *N,* nerve fibers; *O,* osseous spiral lamina; *Pi,* inner pillar cells; *Po,* outer pillar cells; *SL,* spiral limbus; *ST,* scala tympani; *SV,* scala vestibuli; *T,* inner tunnel; *TM,* tectorial membrane; *V,* vestibular membrane.(Courtesy C. Liberman, Massachusetts Eye and Ear Infirmary.)
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### Internal ear neoplasia {#s1195}

The vast majority of neoplasms that cause internal ear signs are cranial nerve (CN) associated. Acoustic nerve sheath neoplasms have been reported in dogs and cattle, either arising in CN VIII or extending from one of the nearby cranial nerves, with *schwannomas* most commonly originating in the trigeminal nerve in dogs. Penetration into the internal ear may occur via the internal acoustic meatus or lytic necrosis of the petrous portion of the temporal bone as cranial nerve neoplasms expand and compress. A cranial nerve *hamartoma* involving CN VIII has been reported in a single dog.

Intracranial *meningiomas* are the most commonly reported tumor in dogs, leading to vestibular signs. The expansile growth and compression of portions of the brain and ear important for vestibular function are the reason for clinical signs of dysfunction. *Lymphosarcoma* of multiple CNs has been reported in a Persian cat with associated vestibular signs.
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### Peripheral vestibular disease {#s1220}

Peripheral vestibular disease is defined as vestibular signs related to *dysfunction of CN VIII (vestibular nerve) and the internal ear.* Clinical signs of unilateral loss of equilibrium and vestibular ataxia include head tilt, circling, and leaning or falling toward the affected side; that blindfolds worsen the ataxia, and abnormal nystagmus being horizontal or rotatory, with the quick phase directed away from the affected side. Bilateral disease results in a more crouched posture, greater exaggeration of head movements when following an object from side to side, and a lack of normal and abnormal nystagmus. Inflammatory lesions confined to the middle ear may produce vestibular signs because of altered middle ear temperature.

Doberman Pinschers, Beagles, English Cocker Spaniels, German Shepherd dogs, Akitas, and Asian cat breeds (Siamese, Tonkinese, Burmese) develop vestibular disease early in life, in which spontaneous nystagmus is usually absent and central compensation over time lessens signs. Congenital vestibular disease in Doberman puppies is autosomal recessive. Rolling, falling, circling, and head tilt were recognized as early as 10 weeks of age, but because of central compensation, signs improved with age. Sensory hair cells of the maculae and crista ampullares were morphologically unaffected; however, otoconia were abnormal in shape and size, with the presumed mechanism resulting from an underlying functional or biochemical defect in the vestibular system. Deafness, however, results from progressive loss and abnormalities of outer hair cells and inner hair cells.

Unilateral, acute-onset vestibular signs in geriatric dogs are most often diagnosed as *benign idiopathic canine peripheral vestibular disease*. The genesis of this syndrome is unknown but presumed localized to the vestibulocochlear nerve, sensory maculae, and cristae, or a combination. Because most dogs recover spontaneously, it has not been investigated histologically.

*Otitis media/interna* is one of the most common causes of vestibular disease in dogs and cats, and is reported sporadically or as epizootics in neonatal and young livestock. Signs may include drooping ears, head tilt, or circling. In cases of acute vestibular signs with concurrent signs of otitis (externa, media, interna, or combination), the index of suspicion for intracranial extension of otitis media/interna should be high.

*Neoplasia* impinging on or arising within the vestibulocochlear nerve will lead to recognizable vestibular signs.

### Horner and Pourfour du Petit syndromes {#s1225}

Sympathetic innervation of the eye is a complex pathway involving central, preganglionic, and postganglionic neurons. In the cat, preganglionic neuronal axons, originating from T1-T5, converge on the cranial cervical ganglion in close proximity to the tympanic bulla. Postganglionic neuronal axons pass through the tympanic bulla along the ventral surface of the petrous portion of the temporal bone and possibly join the tympanic plexus, a group of parasympathetic preganglionic axons of the glossopharyngeal nerve. In small animals, *otitis media* can lead to sympathetic postganglionic neuronal axon dysfunction, leading to the hallmark signs of *Horner syndrome*, namely, miosis, enophthalmos, narrowing of the palpebral fissure, and protrusion of the third eyelid. Horner syndrome associated with otitis media is more commonly seen in cats than dogs. Otitis media in horses and other farm animals does not affect these sympathetic postganglionic neurons, likely reflecting anatomic differences. Rarely, an association with flushing of the tympanic bullae in anesthetized cats can lead to presumed hyperactivity to the postganglionic sympathetic neurons, clinically manifesting as mydriasis, widening of the palpebral fissure, and exophthalmos. This clinical triad is referred to by some as *Pourfour du Petit syndrome*.
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Middle Ear {#s1245}
----------

Rostrally, the pharyngeal portion of the embryonic endodermal tube expands laterally to form the first pharyngeal pouch. Bilaterally, this pouch expands between the first 2 pharyngeal or branchial arches. The pharyngeal pouch and surrounding mesenchyme develop into the nasopharynx, auditory tube, tympanic cavity, and, in horses, the guttural pouch. During the same time frame, ectoderm extends medially between the first and second pharyngeal arches toward the pharyngeal pouch to form the first pharyngeal groove or cleft. This ectodermal-lined invagination becomes the external acoustic meatus (EAM), and the apposition between the first pharyngeal pouch and groove forms the tympanic membrane. Mesenchyme from the first arch forms the *malleus, incus, tensor tympani muscle, tensor veli palatini muscle, and malleus ligament,* and these muscles are innervated by the trigeminal nerve, whereas the *stapes and stapedius muscle* are derived from the second arch, with the stapedius muscle innervated by the facial nerve.

Anatomically and functionally, the **tympanic membrane** borders the middle and external ear. It is normally very thin and composed of 3 layers: epidermis contiguous with the external ear, middle stroma, and epithelium that lines the middle ear cavity. Its surface area is variable, ranging from 41 mm^2^ in cats to 63.3 mm^2^ in dogs. Most of the tympanic membrane consists of the *pars tensa*, which is stretched tightly across the bony tympanic ring that is incomplete dorsally, corresponding to the smaller, looser membrane *pars flaccida*. Embedded medially in the pars tensa is the manubrium of the malleus, and in this region, the tympanic membrane stroma is thickened and contains blood vessels.

The head of the **malleus** articulates with the body of the **incus** to form the incudomalleolar joint. Dorsally, this articulation, along with the short crus of the incus, is anchored within the epitympanic recess by ligamentous attachments forming a fulcrum, allowing the malleus and incus to function as a lever arm. Arising from the neck of the malleus is the muscular process of the malleus that represents the attachment site for the tensor tympani muscle, which originates from its muscular fossa in the rostral medial pyramidal portion of the petrous portion of the temporal bone. Directed medially from these 2 ossicles toward the stapes is the long crus of the incus. At the end of the long crus is the *lenticular process*, a tiny cup-shaped bony appendage that articulates with the head of the stapes to form the incudostapedius joint.

The **stapes** is the roughly triangular bone anchored by its annular ligament in the vestibular window of the petrous portion of the temporal bone. Its base has a convex surface that closely apposes a thin diaphragm. This interface represents the anatomic and functional transition between the middle and internal ear. The base of the stapes is in direct communication with the perilymph of the scala vestibuli of the basal portion of the cochlea. The facial canal (Fallopian canal) initially branches from the internal acoustic meatus, following a path that resembles a Z-shape, with the facial nerve emerging caudal to the EAM through the stylomastoid foramen. Midway through the canal, the facial nerve is exposed to the tympanic cavity, lacking a complete bony shell known as the facial canal foramen (see [Fig. 5-85](#f0430){ref-type="fig"}). Through this opening emerges the tendon of the stapedius muscle that attaches to the head of the stapes. The stapedius muscle originates from the stapedius muscular fossa, a shallow depression within the facial canal.

**Tympanic cavities** represent the middle ear air-filled compartments. Ventrally, this cavity is demarcated by the typically bulbous bony appendage known as the *tympanic bulla.* Tympanic bullae in cattle, goats, camelids, and pigs are septate, composed of numerous air-filled compartments with numerous interconnected bony septa. In dogs, cats, and sheep, tympanic bullae are large, typically singular, air-filled cavities surrounded by bone. In both the dog and cat, there is a central bony cleft, known as the *septum bulla,* which is incomplete in the dog and nearly complete in the cat. The horse has the shallowest bullae of all domestic species, and they are difficult to visualize externally. Short bony clefts span the bullae and subdivide them into several small, dished, bony cavities resulting in a partially septate tympanic cavity.

At birth, the tympanic ring is fully formed with a tympanic membrane stretched across its opening ([eFig. 5-3](#f0455){ref-type="fig"}). The middle ear compartment is filled with primordial mesenchyme. In altricial animals, such as cats and dogs, hearing is dysfunctional until \~10 days of age, related to the middle ear cavity mesenchyme, a functionally stenotic but patent EAM, and undeveloped tympanic bullae. Over time, the bullae become aerated and expand; the mesenchyme regresses and contributes to the middle ear lining and allows aeration of the middle ear cavity, and the luminal diameter of the EAM expands.

eFigure 5-3Ventral view of a **neonatal, near-term kitten.** The tympanic ring (TR) is complete in both left and right ears. The tympanic bulla primordia (TB) has been removed in the right ear to expose a fully formed, intact tympanic membrane (TM), within which is embedded the manubrium of the malleus (M). At birth, the tympanic bullae have not formed and lack normal aeration. *EAM,* external acoustic meatus; *NP,* nasopharynx; *SP,* soft palate.

The tympanic cavity is one of the only anatomic locations in which a mucous membrane closely apposes bone with a normally thin, loose intervening stroma representing merged propria-submucosa and periosteum. Thus this mucosal epithelium and subjacent fused periosteum is frequently referred to as the *mucoperiosteum*. The mucoperiosteal epithelium varies from respiratory epithelium continuous with the auditory tube and nasopharynx; to cuboidal; to flattened, lining ventral portions of the tympanic bulla, inner surface of the tympanic membrane, and auditory ossicles. Variation exists in the location and percentage of mucoperiosteum that comprise respiratory epithelium among species. Normally, the mucoperiosteal stroma is a thin, loose mesenchyme sandwiched between tympanic bone and the mucosal epithelium. There is debate in the literature regarding the presence of glands in the mucoperiosteum. When observed in dogs and cats, they may be observed in proximity to the opening of the auditory tube. They have also been found in a small region dorsal to the tympanic membrane with close proximity to the auditory tube opening. Invaginations of the mucoperiosteum are observed but are most often associated with previous or ongoing, chronic otitis media.

The middle ear originates from the first pharyngeal pouch directly communicating with the primitive nasopharynx. This connection is maintained through the **auditory tube** *(Eustachian tube).* Maintained closed at rest, the auditory tube in most species receives structural support through elastic cartilage. The tubal lining is pseudostratified, ciliated columnar epithelium, richly endowed with goblet cells, that is contiguous with the nasopharynx. In horses, thin-walled diverticula form, extending medially, ventrally, and dorsally, and are called **guttural pouches.** In the lateral wall of the pharyngeal opening of the auditory tube, diffuse to nodular aggregates of lymphocytes are found in ruminants and horses. Follicle-associated epithelium overlies these lymphoid aggregates known as *tubal tonsils* and contains M cells with apical microvilli. Dogs and cats reportedly do not possess tubal tonsils.

Yawning and swallowing result in contraction of the tensor veli palatini and the levator veli palatini muscles. Primarily through the actions of the tensor veli palatini, the auditory tube opens. Opening serves the important function of altering the pressure in the middle ear. Impaired auditory tube ventilation of the middle ear plays a role in the development of middle ear effusion and middle ear inflammation.
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### Hearing and the middle ear {#s1275}

The ossicular chain---malleus, incus, and stapes---functions to couple sound energy collected by the external ear into fluid waves in the cochlea. The malleus has its longest appendage, the manubrium, embedded in the pars tensa of the tympanic membrane; is firmly articulated with the incus; and is anchored dorsally in the epitympanic recess. The long crus of the incus articulates with the head of the stapes via its terminal lenticular process. Sound-induced tympanic membrane vibrations result in piston-like oscillation of the stapes anchored in the vestibular window by the stapedial annular ligament.

Inherent to transducing sound energy from air (low impedance) to cochlear fluid (higher impedance) is the need for *impedance matching*; otherwise, much of the sound energy would be reflected. Impedance transformer function of the middle ear is achieved in 3 ways. First, tympanic membrane surface area is far greater than the surface area of the foot plate of the stapes in the vestibular window, \~20:1 in the cat. Second, the long crus of the incus is much shorter than the manubrium of the malleus, resulting in a lever action that increases the force at the stapes, \~2:1 in the cat. The net effect is a maximal middle ear amplification of 43 in the cat. Third, air in the tympanic cavity provides stiffness with respect to sound vibrations across the tympanic membrane. As external sound frequencies decrease, the stiffness or acoustic impedance of the middle ear increases. Thus low-frequency sounds are more apt to be reflected away rather than transduced into cochlear waves and sound detection. However, as the volume of the middle ear cavity increases, the stiffness decreases in an inverse relationship. Therefore animals with larger tympanic bullae have reduced stiffness and a greater ability to hear a lower range of sound frequencies.

Any condition that impairs this mechanical transduction of air vibrations to cochlear fluid waves can lead to hearing impairment known as **conduction hearing loss.** Diminished middle ear volume, through accumulated mucoid fluid, inflammatory exudate, fibrosis, neoplasia, or a combination, leads to altered range of detected sound frequencies. Inflammation of the tympanic membrane, *myringitis*, increases middle ear stiffness, impairing hearing. Chronic otitis media may restrict auditory ossicle movement or result in bony lysis and conduction hearing loss.

The middle ear muscles, tensor tympani and stapedius, are innervated by the branches of the trigeminal and facial nerves, respectively. Their motor neurons are located in the brainstem close to the auditory centers. In aggregate, these 2 muscles act on the auditory ossicles, making them stiffer in response to loud noises or high-energy sound. This increases the reflection of low-frequency sound at the tympanic membrane and vestibular window and reduces the magnitude of sound energy transmitted to the internal ear. These muscles also contract in anticipation of a loud self-vocalization, resulting in local attenuation of the sound energy at the internal ear. This is known as the *acoustic reflex* and is an important mechanism for protecting the cochlea from exposure to high-amplitude pressure waves.
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### Developmental disease of the middle ear {#s1300}

**Otognathia** has been described in sheep and cattle and is defined as *a complete pharyngeal fistula that forms near the base of the ear*. Also referred to as a *rudimentary or ectopic mouth*, these are lined by mucous membranes and are either blind or continuous with the pharynx. The genesis of this is a rupture or permanent fistula that forms through the membrane formed when the first pharyngeal pouch and groove become apposed. In affected sheep, all had concurrent palatoschisis. In the calf, fistulae were contiguous with the auditory tube and external acoustic meatus.

**Ciliary dyskinesis** is a rare developmental disorder reported in dogs in which cilia are dysfunctional. Clinical signs are related to immotile or dyskinetic cilia. Dogs typically develop chronic and persistent rhinitis and bronchopneumonia at a very early age resulting from dysfunctional mucociliary clearance. Otitis media occurs in some cases, also related to impairment of normal mucociliary clearance via the auditory tube.

**Otosclerosis** is a term specifically used for *endochondral ossification of the otic capsule*. This disorder is reported only in people and is one of the most common causes of conduction hearing loss.

Several of the *storage diseases* have middle ear pathology (see Developmental disease and the [internal ear](#s1035){ref-type="sec"}).
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### Otitis media {#s1325}

The tympanic cavity is a nasopharyngeal diverticulum arising from the first pharyngeal pouch that maintains a muscle-controlled opening via the auditory tube. Tubal lining cells normally provide a functioning mucociliary apparatus important for clearance. Additional defense mechanisms are in place to keep otitis media from developing. Resident lymphocytes produce secretory immunoglobulin A (IgA). Tubal epithelium produces surfactants rich in phosphatidylcholine and surfactant protein-A (SP-A). Surfactant proteins are collectins of the innate immune system functioning by opsonizing bacteria, viruses, fungi, and allergens. Surfactants also reduce the local surface tension, facilitating opening of the auditory tube. Local production of antimicrobial peptides, such as β-defensin 3, is one means of mucosal defense against tubal colonization by pathogenic bacteria.

Normally maintained closed, the auditory tube functions to adjust the pressure of the tympanic cavity. Through muscular contraction by the tensor veli palatini, innervated by a branch of the trigeminal nerve, and the levator veli palatini, innervated by a branch of the vagus nerve, the auditory tube opens. The mucosal lining is contiguous with the respiratory epithelium of the nasopharynx rich in ciliated, columnar epithelial cells, and goblet cells. Numerous surfactant phospholipids are produced to decrease the surface tension and facilitate tubal opening.

Possible predisposing factors for auditory tube dysfunction include craniofacial defects, ciliary dyskinesis, shortened soft palates, auditory tube obstruction by inflammation or neoplasia, and nerve or muscular dysfunction of the 2 auditory tube muscles.

Inflammation of the tympanic cavity can be categorized into **acute or chronic otitis media.** In acute disease, tympanic cavities and bullae are filled with suppurative exudate consisting mostly of degenerate neutrophils. The surrounding mucoperiosteum is thickened as a result of edema within the loose stromal layer, and the mucosal epithelium may be eroded or ulcerated. Auditory ossicles may undergo bony erosion related to the proteolytic activity of suppurative inflammation.

Chronically, the edematous mucoperiosteum begins to form polypoid projections and folds resulting in the formation of *pseudoglands* ([eFig. 5-4](#f0460){ref-type="fig"}). The mucoperiosteum also becomes infiltrated by lymphocytes and plasma cells that may form discrete lymphoid nodular aggregates. With time, the stroma thickens because of fibroplasia. Underlying bony changes vary from erosion to marked thickening, to regions of invaginating spicules. Reversal lines become numerous and prominent with continued remodeling. The surface mucosal epithelium becomes hyperplastic, and frequently there is goblet cell hyperplasia.

eFigure 5-4A cat with **severe and chronic otitis media.** The mucoperiosteum is thickened as the result of infiltration by mostly lymphocytes and plasma cells, edema, and formation of pseudoglands. Many of these pseudoglands are lined by transitional epithelium containing varied mixtures of goblet cells. They are ectatic and contain mixtures of mucin and degenerate inflammatory cells.(Courtesy D. LoBato, University of Tennessee.)

Key Points**Middle ear submucosal glands**Submucosal glands in the mucoperiosteum are readily identified in the rostral middle ear in proximity to the auditory tube opening in cats and dogs, but are poorly documented in other species. In otitis media in most species, redundant, edematous mucoperiosteum forms small polypoid projections that become folded and form pseudoglands lined by pseudostratified columnar epithelium mixed with goblet cells as well as possibly ciliated epithelium.

Luminal diameter is compressed related to mucoperiosteal expansion related to proliferation of fibrovascular connective tissue along with the formation of granulation tissue. Aggregates of acicular clefts are very common in chronic otitis media. The source of these crystals is likely membrane cholesterol from inflammatory cells or hemorrhage. *Cholesterol granulomas* may develop. The mucoperiosteal response to chronic otitis media is to form granulation tissue that is variably inflamed, edematous and polypoid, and frequently has embedded cholesterol clefts. Therefore tympanic cavity cholesterol granulomas may simply represent a morphologic hallmark of chronic infection rather than a distinctive disease.

Auditory ossicles may become encased in and restricted by this fibroplasia. This can be most prominent in the vicinity of the tympanic membrane, where the normally very thin tympanic membrane becomes markedly thickened because of expansion of the middle stromal layer with changes described previously and infiltrated by mixtures of inflammatory cells, known as **myringitis** ([Fig. 5-88](#f0465){ref-type="fig"} ). Thickening may also occur on the external surface related to concurrent otitis externa ([eFig. 5-5](#f0470){ref-type="fig"}). Chronically, they may undergo bony remodeling with exostoses and potential for ossicular chain dysfunction resulting in conductive hearing impairment. Suppurative otitis media in pigs, caused by β-hemolytic streptococci, was associated with bony lysis of the auditory ossicles and reduction of the tympanic membrane to scarred remnants.Figure 5-88**Myringitis** from a cat with chronic otitis media. The tympanic membrane (TM) is markedly thickened by fibrosis, lymphoplasmacytic infiltration, and abundant, embedded pseudoglands (\*). This infiltration and expansion also extends to the mucoperiosteum, resulting in a decreased functional volume of the tympanic cavity (T). The external acoustic meatus (EAM) is relatively free of exudate. *M,* manubrium of the malleus.

eFigure 5-5External acoustic meatus (EAM) and tympanic membrane (TM) from a cat with **otitis externa and myringitis.** Both bacteria and *Malassezia* spp. were numerous in the keratin-laden exudate in the external ear canal. The tympanic membrane is markedly expanded and inflamed, related to otitis externa. *M,* manubrium of the malleus; *O,* osseous portion of the external acoustic meatus.

In animals with septate bullae (cattle, pigs, goats, camelids), these bony partitions are frequently lysed by the proteolytic effects of the proliferative bacteria and suppuration. Severe infections may manifest as a draining tract in the ventrolateral neck corresponding to spread into the soft tissue surrounding the bullae. Large abscesses up to 4 cm in diameter were reported in pigs with suppurative otitis media that spilled from the lytic bullae into the surrounding soft tissue and musculature. This has been referred to by some as *para-aural abscesses*.

In dogs, otitis media is typically a sequela of chronic otitis externa, frequently associated with tympanic membrane rupture. At the time of diagnosis, tympanic membranes are rarely ruptured; however, they have a remarkable ability to rapidly reseal via epithelial migration. Conversely, several studies in cats have confirmed that otitis externa is not a major contributing factor, and infections mostly likely ascend the auditory tube. An ascending pathogenesis is presumed for otitis media of piglets and calves. Experimentally induced otitis media in pigs frequently became bilateral, presumably as a result of spread through auditory tubes. Atrophic rhinitis has been associated with a higher frequency of otitis media in pigs.

*Bacterial pathogens* are most commonly implicated in otitis media in any species. Often, cultured bacteria represent commensal organisms that have become pathogenic or bacterial pathogens that may have arrived hematogenously. In livestock species, *Mycoplasma bovis*, *Streptococcus* spp., *Trueperella pyogenes*, *Mannheimia haemolytica, Pasteurella multocida*, *Histophilus somni*, and various enterococci are pathogens commonly isolated in otitis media. The pathogenesis of *Mycoplasma bovis* otitis media in calves has been linked to infection during nursing and colonization of tonsils. In dogs and cats, many bacteria have been cultured, including *Staphylococcus* spp., *Streptococcus* spp., *Escherichia coli*, *Pseudomonas aeruginosa,* and *Proteus* spp.

Rarely, fungal infections such as *Aspergillus* spp. may cause otitis media in production animals such as camelids. The mycotic organisms *Cryptococcus neoformans*, *Blastomyces dermatitidis*, *Histoplasma capsulatum*, *Sporothrix schenkii,* and *Coccidioides immitis* are capable of causing otitis media, but only rare reports have confirmed their presence in the middle ear.

**Otitis media with effusion** (OME) refers to a condition in people with minimal clinical signs and presumed auditory tube dysfunction. In dogs and guinea pigs, auditory tube occlusion can result in lesions with similarities to OME, including *increased mucoperiosteal goblet cells and copious amounts of tenacious, mucoid contents in the tympanic cavity*. Initially referred to as primary secretory otitis media (PSOM), in which Cavalier King Charles Spaniels were over-represented, more recent evidence points to a disease entity that is mostly silent clinically and therefore has greater similarities with OME. The tympanic membrane becomes opaque without evidence of rupture, and the pars flaccida may bulge laterally into the external acoustic meatus. Brachycephalic conformation has been associated with the development of OME. Dogs with OME also have confirmed hearing impairment based on brain auditory-evoked responses testing, comparable to dampening of sound energy associated with fitting a foam ear plug in the external acoustic meatus.

####  {#s1330}

##### Guttural pouch disease. {#s1335}

Horses have some of the longest auditory tubes of any domestic species. Guttural pouches are thin-walled diverticula that are contiguous with and extend off the auditory tube. Suppuration of the auditory tube diverticula is referred to as *guttural pouch empyema,* most often caused by *Streptococcus* spp. infection. The wall and mucous membrane of the guttural pouch is greatly thickened, and lumina are greatly expanded by exudate. This same exudate may be grossly visible in the nasopharyngeal auditory tube openings or fill tympanic cavities associated with otitis media. Chronic exudate may become inspissated and form *chondroids* that may be present in 20% of cases. Chondroid formation in guttural pouch empyema has been associated with greater concurrent retropharyngeal swelling and pharyngeal narrowing.
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### Middle ear parasites {#s1350}

*Mammomonogamus auris* (formerly *Syngamus auris*) is a strongylid nematode parasite localized to the nasopharynx, auditory tube, and middle ear that occurs exclusively in cats from the Asian Pacific region. Most cats are asymptomatic but may display head shaking. Typically a unilateral disease, male and female nematodes are permanently joined in union; 1-8 worm pairs may infect a single tympanic cavity. *These nematodes are able to freely move between the middle ear and nasopharynx*. During otic examination, the red color of the parasitic pair gives the appearance of an erythematous tympanic membrane with worm movement in the middle ear. The tympanic membrane may tinctorially normalize because of the paired parasites suddenly exiting the middle ear through the auditory tube. The life cycle is not fully understood, although the tympanic membrane is always intact, and therefore the external ear is not considered a portal of entry.
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### Non-neoplastic and neoplastic disease {#s1375}

#### Inflammatory aural polyps {#s1380}

Inflammatory aural polyps are masses that frequently plague young cats but are also diagnosed in dogs and much less frequently in horses. Regardless of species, these polypoid growths are composed of fibrovascular stromal cores with variable edema and usually contain mixtures of inflammatory cells that include scattered to aggregated lymphocytes, plasma cells, macrophages, and neutrophils ([eFig. 5-6](#f0475){ref-type="fig"}). Superficially, these are covered by epithelium that may constitute squamous epithelium, respiratory epithelium, or a combination. Ulceration is nearly always a feature.

eFigure 5-6An **inflammatory polyp** collected surgically from a cat. The surface epithelium is hyperplastic and infiltrated by neutrophils. Fibrovascular stroma forms the core with variable inflammation comprising myriad plasma cells mixed with lymphocytes and fewer neutrophils. There are numerous pseudoglandular structures throughout the core lined by ciliated, transitional cuboidal to columnar epithelium mixed with goblet cells. This change signifies middle ear origin, likely associated with chronic otitis media.

Site of origin likely includes the middle ear mucoperiosteum, possibly the auditory tube mucosa, and the external ear epidermis and dermis. Differentiating between the former two is likely an academic exercise. In both cases, they will likely have a mixed epithelial covering, and because they are associated most often with middle ear inflammation, nearly always contain pseudoglands lined by respiratory epithelium replete with goblet cells, a histologic feature also observed in middle ear--derived polyps in people. The presence of pseudoglands is common in otitis media, and their presence should not be confused with an underlying glandular tumor. Conversely, polyps arising from the EAM should not contain pseudoglands, but may include ceruminous or sebaceous glands.Key Points**Defining origin of inflammatory aural polyps**Polypoid masses collected from the external auditory meatus may originate from the middle ear mucoperiosteum or the external ear dermis. The surface epithelium is highly variable, often ulcerated, and most often contains an inflamed, edematous core. Pseudoglands within the core or extending to the surface confirm the middle ear/auditory tube origin.

Clinical signs depend on final location of the polyp. Middle ear inflammatory polyps may remain in the middle ear; evert through the auditory tube into the nasopharynx, where they are often called *nasopharyngeal polyps;* or perforate the tympanic membrane and partially fill the EAM, where they are often called *aural polyps*. Polyps derived from the EAM may penetrate into the middle ear through the tympanic membrane or remain and grow within the external ear canal. Polyps confined to the middle ear may remain clinically silent or may be associated with facial nerve dysfunction. Signs of external ear extension include otomiasmic otorrhea (otoblennorrhea), otalgia, erythematous ear canals, and head shaking.

#### Tympanokeratoma (cholesteatoma) {#s1385}

Cholesteatoma, a misnomer that has lingered for centuries, is used to describe a *proliferative, keratinizing growth that arises in the middles ears of dogs* and people associated with otitis media. These cystic formations likely arise in and gradually destroy the middle ear as a consequence of expansion at the expense of the middle ear and chronic otitis media ([Fig. 5-89](#f0480){ref-type="fig"} ). The most plausible pathogenesis in dogs involves chronic, recurrent otitis media with some impairment of the auditory tube and pressure equalization, leading to the formation of retraction pockets associated with the tympanic membrane. Continued enlargement leads to compression and erosion of both soft and bony tissue. Because these are keratinizing structures arising almost exclusively from the tympanic membrane, a more appropriate term proposed is tympanokeratoma.Figure 5-89A Miniature Schnauzer with **tympanokeratoma** (cholesteatoma) of the right ear. The laminated, yellow-green keratin causes marked expansion of the right tympanic bulla as well as erosion of the petrous portion of the temporal bone.(Courtesy D. Reel, University of Tennessee.)

Grossly, the tympanic cavity is filled with pasty material variably associated with concurrent middle ear exudate and loss of grossly recognizable auditory ossicles. Their histologic appearance is rather underwhelming, given the destructive consequence of their growth, consisting of luminal contents of variably sized, nucleated and non-nucleated, keratin surrounded by a variably thick layer of squamous epithelium, and further surrounded by granulation tissue and evidence of chronic otitis media. The surrounding granulation tissue may be embedded with numerous acicular cholesterol clefts.

#### Mucoperiosteal exostoses {#s1390}

Representing bony proliferation arising from the mucoperiosteum of the incomplete septum bullae of one or both tympanic bullae in dogs, mucoperiosteal exostoses (formerly *otolithiasis*) are morphologically very similar to stalagmites and stalactites ([Fig. 5-90](#f0485){ref-type="fig"} ). However, the major difference from their cavernous cousins is their broad, bony ends. These pedunculated, bulbous bony masses are frequently observed in bullae of older dogs at the time of autopsy, without historical or gross evidence of otitis media. The pathogenesis for mucoperiosteal exostoses is unknown; however, based on gross postmortem examination, it does not appear to result from dystrophic mineralization of inflammatory polyps. Mucoperiosteal exostoses have not been reported in domestic cats; there is a single report of this condition found in archived samples from African lions.Figure 5-90Ventral view of the tympanic cavity of a dog with **mucoperiosteal exostoses** arising from the inner edge of the septum bulla. The bulla has been opened to allow visualization of these bony proliferations. In the background, the tympanic ring (TR) is observed as well as the tympanic membrane (TM) and manubrium of the malleus (M).

Mucoperiosteal exostoses were originally reported as otolithiasis associated with otitis media in a single dog based on radiographic imaging. Use of the term otolith for this condition is discouraged because it most commonly refers to crystals present in the matrix overlying the maculae of the vestibular apparatus, also called otoconia (see [Internal ear](#s1035){ref-type="sec"}).

#### Temporohyoid osteoarthropathy {#s1395}

Temporohyoid osteoarthropathy (THO) is an uncommon condition affecting *horses*. The hyoid apparatus is made of several bones and articulations, and the stylohyoid bone is the largest, articulating proximally with the styloid process of the petrous portion of the temporal bone forming the *tympanohyoid synchondrosis*. It is speculated that one of its functions is to dampen the hyoid apparatus during tongue movements. Inflammation or degeneration of this joint can lead to bony proliferation that manifests as head shaking, resentment to a bit, ear rubbing, difficulty chewing, and pain at the base of the ear. Unilateral or bilateral fusion of this joint may be associated with reduced clinical signs but an increased susceptibility to fracture, either through the petrous portion of the temporal bone or midshaft through the stylohyoid bone. The vestibulocochlear and facial nerves leave the cranial cavity through the internal acoustic meatus of the petrous portion of the temporal bone. In close proximity are the vagus, glossopharyngeal, and hypoglossal nerves. Additionally, the facial nerve courses through the facial canal in the petrous portion of the temporal bone. Because of proximity, fracture through the petrous portion of the temporal bone will lead to vestibular and facial nerve dysfunction and, less commonly, signs related to vagal, glossopharyngeal, and hypoglossal nerve dysfunction.

The pathogenesis of this lesion likely involves more than one mechanism. Disease observed in older horses is more likely related to degenerative joint disease of the tympanohyoid synchondrosis. Histologic changes that were noted to increase with advancing age included extension of osteophytes from the petrous temporal bone, typically enveloping the stylohyoid head, and rarely, bridging of the joint and chondro-osseous replacement of fibrocartilage. The close proximity to the shallow tympanic bulla supports the idea that inflammation related to otitis media is a viable mechanism for THO, likely limited mostly to younger horses.

*Deafness*, based on brain auditory-evoked responses (BAER) testing, in a small group of horses with THO has been reported. BAER abnormalities suggested peripheral sensorineural dysfunction, although conductive hearing impairment could not be excluded. Bony remodeling of the stylohyoid, temporohyoid, and tympanic bulla, and presumptive internal acoustic meatal narrowing, is observed with imaging. It is presumed that these bony changes compress CN VIII, leading to demyelination and axonal drop out. Histopathologic confirmation is lacking.

#### Middle ear epithelial neoplasia {#s1400}

**Papillary adenomas** of the middle ear have been reported in dogs and a cat. Originally described as arising from the respiratory epithelium of the auditory tube, it is likely that these could originate from other regions of the tympanic cavity related to a mucoperiosteum region lined by respiratory epithelium. In one instance, the site of origin was presumed to be the medial surface of the tympanic membrane. Neoplastic cells were cuboidal to columnar epithelial cells with minimal nuclear variation and low mitotic activity supported by thin, fibrovascular stromal stalks.

**Middle ear malignancies** include adenocarcinomas of glandular epithelium, adenocarcinomas of undetermined origin, and squamous cell carcinoma. Each may arise from the portion of the mucoperiosteum normally lined by the appropriate originating epithelium. Sites of origin may also include the guttural pouch epithelium, external ear canal, or oral cavity. At the time of diagnosis, animals may display evidence of facial paralysis, vestibular disease, and Horner syndrome. *Meningeal carcinomatosis* has been reported in cats, and meningeal spread may also be associated with concurrent bacterial meningitis and brain or brainstem abscesses in close proximity to the internal acoustic meatus.

**Epithelial cysts** have been identified in the guttural pouch of young horses. Lined by pseudostratified epithelium with associated propria-submucosal lymphoplasmacytic infiltrates, these can result in dyspnea. **Squamous cell carcinomas** have also been rarely reported to arise from the guttural pouch of older horses. Vestibular and facial nerve dysfunction as well as nasal discharge are the first signs of disease. Neoplasia may extend into the oropharynx, into the tympanic cavity and through the petrous portion of the temporal bone into the calvaria, as well as through the mandible and into the regional lymph node. Pulmonary metastasis has rarely been reported.

#### Jugulotympanic paragangliomas {#s1405}

**Jugulotympanic paragangliomas** have rarely been reported, and only in dogs, most commonly affecting male dogs of no specific breed. They arise from the extra-adrenal paraganglia located at the base of the skull, including paraganglia of the jugular bulb, the tympanic branch of the glossopharyngeal nerve, and the vagus and facial nerves. At the time of diagnosis, dogs exhibit signs that include head tilt toward the affected side, facial nerve paralysis, Horner syndrome, as well as other cranial nerve signs, dependent on location. These masses typically occupy the tympanic cavity and cause expansion and erosion of the tympanic bulla. The auditory ossicles as well as the petrous portion of the temporal bone may also be eroded or infiltrated. These masses may extend into the external ear canal, nasopharynx through the auditory tube, or penetrate through the petrous portion of the temporal bone into the cranial cavity. Grossly, these masses range from tan to red and are highly vascular. Histologically, fibrovascular stroma subdivides lobules and nests of uniform, small polyhedral to cuboidal cells that contain granular cytoplasm with small, round, euchromatic to hyperchromatic nuclei. Most tumors contain numerous vascular channels, and mitotic indices are highly variable among published accounts. Approximately ![](if005v001-006-9780702053177.gif) of the cases are metastatic at the time of diagnosis or death.
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External Ear {#s1425}
------------

As the branchial pouches develop, mounds of mesenchyme known as the branchial arches form. The first 2 branchial or pharyngeal arches and the intervening, invaginating first pharyngeal groove or cleft represent the *external ear primordia*. The pharyngeal groove becomes the external acoustic meatus (EAM) or external ear canal, which at birth is patent but very narrow, lined by haired epidermis. Apposition between pharyngeal pouches and grooves form bilateral tympanic membranes. A series of mesenchymal bulges forms on either side of this first pharyngeal groove, known as auricular hillocks. The tragus and rostral portion of the pinna are derived from the first pharyngeal arch, whereas the remainder of the pinna arises from the second pharyngeal arch.

In domestic animals, **pinnae** are flattened sheets of elastic cartilage covered by haired skin. In most breeds within many domestic animal species, pinnae are erect or semierect and highly mobile, able to localize and focus sound transmission as well as dissipate heat and convey mood. In other breeds, pinnae may be floppy or lop (Cocker Spaniels, certain Zebu breeds of cattle, Nubian goats) or folded (Scottish Fold cats). In dogs, ear traits have been localized to a single region on *CFA10* (*Canis familiaris* 10). Supportive elastic cartilage forms various folds that include the tragus, antitragus, helix, antihelix, and the marginal pouch (also referred to as Henry\'s pouch) as part of the conical opening to the EAM. This canal gradually narrows with structural support from auricular cartilage and annular cartilage, the latter overlapping with the bony flanges of the temporal bone EAM, the osseous acoustic meatus. A complex series of skeletal muscles control pinnal movements, all innervated by the facial nerve, and therefore drooping ears, especially unilateral, is an excellent indication of facial nerve paralysis.

Haired skin covers the external or convex surface of the pinna and lines the concave surface that extends into the EAM. Hair follicle numbers diminish descending the length of the EAM, and hair cover is often greater on the external pinna when compared with the inner surface. In dogs and cats, hair follicles extend the full length of the EAM, whereas in horses, hair follicles and associated adnexa abruptly stop at the junction of the cartilaginous and osseous EAM. Deeper portions of the equine EAM also abruptly depict loss of pigmentation, accumulation of superficial keratin, and marked thinning of the dermis.

Within the dermis, sebaceous glands are typically most plentiful in the superficial dermis, varying in number between species, among breeds, and depending on concurrent dermatologic conditions. Deeper adnexal glands are specialized apocrine glands called *ceruminous glands*. Cerumen, also known as "ear wax," is the aggregate mixture of watery apocrine secretion by ceruminous glands and oily holocrine secretion of sebaceous glands. In dogs, the density of sebaceous glands increases moving away from the tympanic membrane toward the external opening of the EAM, whereas the density of ceruminous glands is the reverse, being most dense in close proximity to the tympanic membrane. The external surface of the tympanic membrane is covered by a thin layer of squamous epithelium that overlays a thin stromal layer, lacking adnexa and only containing blood vessels in the stria mallearis in close proximity to the manubrium of the malleus.
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### Hearing and the external ear {#s1455}

Sound energy is collected by the pinna and funneled down the EAM to the tympanic membrane. Localization of sound in domestic animals is achieved in at least 2 ways. First, 2 ears allow for interaural differences in terms of sound amplitude and time of arrival to auditory centers in the brain between the 2 ears. It is these time differences that help animals localize the sound source. Second, domestic animals have very mobile pinnae resulting from robust muscular control of external ear movements, allowing variation of the axis of sound collection without moving the head.

The EAM is a gradually narrowing tube that must remain patent with a very thin, highly responsive tympanic membrane at its medial terminus. Keeping the EAM clear of debris and maintenance of a thin tympanic membrane are both achieved through a process called *epithelial migration*. Progenitor epithelial cells are located along the outer rim of the pars tensa and in the region of the stria mallearis along the manubrium of the malleus. Squamous epithelium continually advances radially and linearly from the tympanic membrane surface to the external ear canal, keeping the surface of the tympanic membrane from accumulating debris. Epithelial migration is also the mechanism used to close perforations in the tympanic membrane, uniquely first bridging these defects with advancing keratin, followed by epithelial cells using the keratin as scaffolding to close the gap closely, followed by advancing granulation tissue in the middle stromal layer of the tympanic membrane.

Any condition that results in narrowing or obstruction of the external acoustic meatus may result in hearing impairment, including external ear neoplasms, external ear parasitism, or exudative otitis externa. Chronic otitis externa may lead to hearing impairment related to narrowing of the canal from fibrosis, adnexal proliferation and associated exudate, or obstruction related to the aggregate effects.
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### Developmental disease of the external ear {#s1480}

Defective maturation of the first and second pharyngeal arches as well as the first pharyngeal groove can manifest as external ear defects. Defects of the pinna can manifest as *microtia* or small pinnae, which may be normal to certain breeds (La Mancha goats) as well as a bilateral or unilateral abnormality. Other defects, most commonly reported in pigs, goats, and sheep include *anotia, macrotia*, and *heterotopic otia*. *Polyotia* has been reported in cats (also called "4-eared" cats) as a recessive, bilateral condition with concurrent microphthalmos and undershot jaw.

A condition only reported in sheep has been termed *synotia and otocephaly*, representing the same condition. Affected lambs also had aprosencephaly (absence of telencephalon and diencephalon) and dysgnathia (lack of upper and lower jaws, tongue, and frontonasal bones). Both reported cases were nonviable, each with viable siblings. Left and right pinnae extended laterally from a central, narrow pharyngeal aperture contiguous with the esophagus. One case was confirmed to have tympanic bullae by radiographs, but neither included histologic examination.

Bilateral rostral pinnal folds that develop by 3-4 weeks of age phenotypically define Scottish Fold cats. There is no associated middle or internal ear defect; however, both heterozygous and homozygous progeny develop osteochondrodysplasia. Physeal lesions are evident in limbs and vertebrae. They have shortened distal limbs that result in compressed stature, abnormal gaits, and chronic lameness.

**Temporal odontomas,** also referred to as *dentigerous cysts, heterotopic polyodontia, or ear fistulas*, are cystic structures with fistulous epidermal openings that commonly form mostly unilaterally on the rostral or medial border or rostral base of the pinna in *horses*. Shaped like Erlenmeyer flasks, these congenital structures arise from failure of the first pharyngeal cleft to close, resulting in an open fistula. Neural crest ectomesenchyme improperly migrates into the first branchial arch, resulting in dental tissue arising in the incorrect location; however, teeth are not found in every case. Squamous epithelium lines these structures often with associated salivary tissue and, if teeth are present, they may be loosely or firmly adherent to the temporal bone.

**External acoustic meatal stenosis** has been reported as unilateral or bilateral disease related to disturbance in development of the first pharyngeal groove or cleft. Portions or all of the EAM may be missing, and a tympanic membrane may be present. Rare reports have documented abnormal brain auditory-evoked responses (BAER) testing, confirming some degree of hearing impairment.

**Cropped or notched pinnae** have been described in Ayrshire, Highland, and Irish Dexter cattle. Affected cattle have otic phenotypes ranging from mild to moderate notches in pinna with normal cartilage to microtic pinnae with large notches that have prominent cartilage along the upper edges. A third phenotype of short, rudimentary, deformed pinnae has also been described. BAER testing has not assessed hearing function; however, behavior analysis suggested no hearing deficits. This is an inherited dominant condition and in Highland cattle has been mapped to a conserved, noncoding region on bovine chromosome 6 (*BTA6*) downstream from the H6 family homeobox 1 *(HMX1).*
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### Otitis externa {#s1505}

Among domestic animals, otitis externa is most commonly diagnosed in dogs and cats but rarely recognized in other genera. Otitis externa has long been considered a very complex and truly multifactorial disease related to a variety of causes that have been further subclassified into primary causes, secondary causes, predisposing factors, and perpetuating factors. The list of *primary causes* is the largest and includes allergic, immune-mediated, endocrine, epithelialization, glandular, parasitic, and viral disorders. These disorders may remain unrecognized or extremely subtle until the animal is afflicted by additional secondary causes that result in otitis externa in an already abnormal ear. *Secondary causes* are primarily bacterial and mycotic infections or alteration of the microenvironment related to medications or local traumatic effects of excessive ear cleaning. Finally, factors represent congenital or acquired alterations to the structure, function, and physiology of the ear canal, which contribute to or promote the development of otitis media. *Predisposing factors* include external ear conformation, local aural environment, concurrent systemic disease, and side effects of local treatment. *Perpetuating factors* represent acquired changes, such as narrowing of the ear canal for a variety of reasons, altered or impaired epithelial migration, inflamed glandular adnexa, or concurrent middle ear disease, to name a few. For complete lists, refer to Vol. 1, Integumentary system or the Miller reference in this section.

*Histologic changes* of otitis externa are as varied as the associated causes and factors. In general, there is a wide range of hyperplasia affecting the epidermis, sebaceous glands, and ceruminous glands, dependent on the associated causes. Hair follicles do not tend to increase in number but become hyperplastic. The dermis may be edematous or fibrotic, dependent on chronicity and similarly, the infiltrate is typically a combination of plasma cells, lymphocytes, mast cells, and neutrophils in interstitial to diffuse to nodular patterns. Ceruminous glands tend to become hyperplastic and larger with both luminal and periglandular inflammation, but also tend to increase in number relative to the canals of normal patients.

With increasing chronicity, the dermis of the ear canal may become more densely fibrotic. Soft tissue surrounding the auricular cartilage may undergo osseous metaplasia with cords of bone that closely appose the pre-existing cartilage or may arise from the pre-existing auricular cartilage ([Fig. 5-91](#f0490){ref-type="fig"} ). The osseous portion of the EAM may develop proliferative exostoses. In dogs especially, otitis externa is a predisposing factor for the development of otitis media, most likely related to perforation of the tympanic membrane. Concurrent otitis externa and otitis media can result in neurologic signs that may include facial nerve dysfunction, abnormal nystagmus, and possibly a head tilt or circling with internal ear involvement.Figure 5-91An external acoustic meatus from a Cocker Spaniel with **chronic otitis externa.** The epidermis is both hyperplastic and ulcerated with pleocellular dermatitis and ceruminous gland adenitis. Osseous metaplasia (O) is marked, either associated with pre-existing auricular cartilage (A) or in the connective tissue immediately adjacent to this cartilage.

The net effect of these histologic changes is narrowing of the EAM, which represents a very important perpetuating factor for otitis externa. With the development of irreversible fibrosis and osseous metaplasia, the ear canal becomes increasingly stenotic, and medical management eventually becomes ineffective. Total ear canal ablation is often required, and these surgically collected tissues should be examined histologically to evaluate for possible causes or factors, because neoplasia of the external ear may initially occur as otitis externa.
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### Dermatologic diseases of the external ear {#s1530}

Descriptions follow of several dermatologic conditions that primarily affect the external ear, either the pinnae or the external acoustic meatus.

#### Pinnae {#s1535}

##### Pinnal necrosis in pigs. {#s1540}

This is alternatively known as *porcine ear necrosis syndrome* and represents a multifactorial disease that develops in nursery pigs. Ear biting, high humidity, and possibly nutritional deficiencies are associated with development of lesions. Spirochetes have been observed within ulcerated skin lesions by some groups, whereas others have more commonly isolated *Staphylococcus* spp. The spirochete most commonly associated with these lesions was *Treponema pedis,* detected by fluorescence in situ hybridization (FISH). The lesion is a necrotizing dermatitis that includes ulceration with thick crusts as well as severe acanthosis with hyperkeratosis, and may contain intralesional spirochetes ([eFig. 5-7](#f0495){ref-type="fig"}). Underlying dermal vasculitis with mural degeneration and thrombosis has been observed.

eFigure 5-7A piglet with **porcine ear necrosis syndrome** depicting ulcerated pinna embedded with degenerate neutrophils and spirochete organisms morphologically consistent with *Treponema* spp.

##### Leishmaniasis. {#s1545}

Cutaneous leishmaniasis is 1 of 3 forms of the disease caused by the *Leishmania* protozoan. Nodular lesions may commonly affect the head of dogs and cats when infected. A recent report documents the pinnae as the most frequent site of nodule formation in cats in northern and central Texas, with intralesional *Leishmania mexicana* being the most common species amplified by PCR. Regional species variation of these protozoa exists. Lesions consist of nodular to diffuse aggregations of macrophages with variable numbers of infiltrating neutrophils, lymphocytes, plasma cells, and mast cells. Numerous amastigotes are most commonly observed within macrophage cytoplasm. The overlying epidermis ranges from acanthotic with mixed hyperkeratosis to ulcerated. Kinetoplasts are not visualized without the aid of oil immersion objectives, and the most effective histochemical stain for confirming this organism is Giemsa.

##### Dermatophilosis. {#s1550}

*Dermatophilus congolensis* is the causative organism of a superficial, pustular and crusting dermatitis. Species affected include sheep, goats, cattle, horses, cats, and rabbits. In sheep, cattle, dogs, cats, rabbits, and foxes, the face, particularly the ears, feet, and dorsum, may develop erythematous papules and pustules with crusts. Histologic features include intraepidermal pustular dermatitis, and superficial perivascular dermatitis and folliculitis. Surface crusts are typically thick and have alternating layers of keratin and suppurative exudate, referred to as palisading crusts.

##### Canine leproid granuloma. {#s1555}

First reported in Boxer dogs and Bullmastiffs, it has now been reported in a number of breeds. Affected animals, typically short-coated, large-breed dogs of any age or either sex, have one to multiple, well-circumscribed, mildly painful, frequently ulcerated, firm papules, plaques, or nodules ranging from 2 mm to 5 cm in diameter. The pinna is most commonly affected, mostly on the convex surface or near the base. Pyogranulomatous inflammation in the subcutis and dermis is composed of mostly epithelioid macrophages mixed with neutrophils, plasma cells, lymphocytes, and variable numbers of multinucleated giant cells. Acid-fast bacteria are typically found in macrophages and multinucleated giant cells, ranging from slender, elongate bacilli to short beaded bacilli. Infections are thought to be the result of percutaneous inoculation of saprophytic organisms into wounds or by arthropods. Lesions are most commonly recognized during the warmest months of the year. Bacteria remain localized to the skin, with no reports of nodal or internal organ involvement. Lesions are localized, do not spread, and do not recur.

##### Feline proliferative, necrotizing otitis externa. {#s1560}

Proliferative and necrotizing otitis externa is rarely diagnosed in cats and is characterized by plaques forming on the convex surface or scapha of the pinna and variably extending into the conical opening of the external acoustic meatus. Rarely, the plaques may extend to the tympanic membrane or into the middle ear. Young cats are most often affected by this disorder; however, the age range reported is 3 months to 5 years old. Lesions may be painful and are reported to regress spontaneously or persist for years. Key diagnostic microscopic features include orthokeratotic and parakeratotic hyperkeratosis overlying superficial papillomatous and follicular epidermal hyperplasia with variable neutrophilic crusts that overlay the surface and occlude affected hair follicles. Single-cell necrosis/apoptosis is present at different levels of the epidermis with prominent lymphocytic exocytosis and satellitosis of the dead keratinocytes. Confluent dead keratinocytes manifest as superficial regions of necrosis. The dermal inflammation is mixed, including neutrophils, lymphocytes, plasma cells, eosinophils, and mast cells that congregate around dilated superficial dermal blood vessels. Predominantly CD3+ T lymphocytes infiltrate the epidermis and dermis, leading to speculation that this is a predominantly lymphocyte-mediated disease in response to an instigating viral infection. A definitive cause remains undetermined, and possibilities include viral infection, food hypersensitivity, and drug eruption. Many are unresponsive to treatment; however, 2 cases reported successful resolution with the use of tacrolimus ointment, a macrolide lactone that is a potent inhibitor of T-lymphocyte--mediated cytokines.
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#### Pinnal tumor-like growths and neoplasia {#s1575}

##### Aural hematoma. {#s1580}

A single plate of auricular cartilage forms the pinna. Throughout are numerous perforations through which fibrovascular stroma penetrates. In animals with concurrent otitis externa or otitis media, chronic head shaking is a common clinical sign. Repeated, vigorous rotational shaking of the ears exerts shearing forces, especially in the regions of cartilage perforations, and the sheared edges of cartilage can lacerate penetrating blood vessels. The resultant hemorrhage leads to aural hematomas.

Aural hematomas are most commonly reported in dogs and lop-eared breeds of pigs, and less commonly in cats and ruminants. Firm, warm swellings affect the concave or scaphal surface of the pinna and typically hang abnormally because of increased weight. Histologic features include hemorrhage, cartilage fractures, splitting of cartilage plates, and granulation tissue infiltration. If left untreated, pinnae become deformed with firm to hard regions of dense fibrosis and dystrophic mineralization.

##### Auricular chondritis (relapsing polychondritis). {#s1585}

Auricular chondritis is the pinnal manifestation of a rare immune-mediated disease that targets type II collagen and possibly matrilin-1 cartilage matrix proteins. In humans, this condition is also referred to as relapsing polychondritis in which other cartilaginous sites are affected, including the trachea, larynx, costae, and joints of limbs. Auricular chondritis manifests as a painful, typically bilateral pinnal thickening and distortion with curling, erythema, and alopecia primarily affecting cats \<3 years of age. It has been reported in ear-tagged rodents, and there is a case report in a dog. Histologic features include distortion of the aural cartilage surrounded by lymphocytes, macrophages, multinucleated giant cells, variable numbers of neutrophils, and fibrosis. The normally basophilic hyaline cartilage is transformed to a much more eosinophilic matrix centrally. In several cases, concurrent ocular and cardiac disease was reported related to type II collagen present in the uvea and heart valves.

##### Equine aural plaques. {#s1590}

One or both pinnae of affected horses manifest flattened, verrucous, circumscribed, depigmented, hyperkeratotic nodules that can affect up to 40% of the inner concave surface. These plaques are individual to coalescing, ranging from 4-20 mm in diameter and 2-4 mm above the epidermal surface. Characteristic microscopic features include abrupt, moderate to severe, acanthosis with equally abrupt loss of pigment, with variable numbers of koilocytes, and overlying hyperkeratosis. Mixtures of lymphocytes, macrophages, neutrophils, and eosinophils infiltrate the dermis.

Aural plaques are associated with *papillomavirus* based on the histologic appearance of the lesions, immunohistochemical detection of papillomavirus antigen, and PCR confirmation of 4 novel *Equus caballus* papillomaviruses (EcPV), further classified into 2 genera: *Dyoiota* (EcPV-4 and EcPV-5) and *Dyorho* (EcPV-3 and EcPV-6). Unlike most other papillomavirus infections, aural plaques are never observed in horses \<1 year of age, and they do not spontaneously resolve or regress. Additionally, these pinnal lesions are primarily reported in the Northern Hemisphere and are believed to be associated with or spread by aural irritation by biting flies, especially blackflies *(Simulium vittatum, S. argus).*

##### Epithelial tumors. {#s1595}

*Squamous cell carcinoma* (SCC) has long been associated with ulcerated, crusted, and bleeding lesions affecting the tips or caudal edges of the pinnae of cats. Reported as the most common neoplasm affecting the pinnae of cats and representing 2% of tumors in cats, the largest study to date determined that 95% of cases were in white or partially white cats, and the median age was 12 years. The vast majority of cases are bilateral---one reason this lesion is strongly correlated with prolonged exposure to ultraviolet radiation. Greater than 80% of pinnal SCC in cats overexpressed p53 protein. Morphologic features are typical for SCC. Complete resection of the pinna had the longest reported median survival times. The worst prognosis is reported in cats with concurrent pinnal and nasal planum involvement. Neoplasms can be locally invasive, involving other compartments of the ear or spread via lymphatics of the head and neck to the lungs.

In *sheep*, precancerous lesions involving the ear typically begin as inflamed, highly proliferative lesions that may deform the entire ear. Papillomavirus most closely related to bovine papillomavirus 2 (BPV-2) transform into squamous cell carcinoma. Australian shepherds refer to this simply as "ear cancer." Lesions may arise in regions of a previous ear-mark. An epizootic of aural papillomas was reported in a Polled Hereford herd involving one or both ears because of the presumptive spread of papillomavirus arising in the tattoo sites. Some lesions took 8 months to resolve.

Either the base of the ear or pinna represents a common site for *several epithelial growths* mostly seen in dogs and cats. These include trichoblastomas, trichoepitheliomas, sebaceous gland hyperplasia, sebaceous gland adenoma, apocrine cysts, apocrine adenomas, and basal cell carcinomas. Malignant phenotypes of these tumors may also be recognized in this location. Epitrichial sweat gland tumors are benign neoplasms that commonly affect the pinna in horses. Viral-induced papillomas may also involve the pinnae in younger dogs.

##### Common mesenchymal tumors of the ear. {#s1600}

Similar to folliculosebaceous tumors indicated previously, mast cell tumors, histiocytomas, and plasmacytomas have a tendency to involve extremities, such as pinnae or the base of the ear.

##### Aural melanoma (Angora goats, cats). {#s1605}

Pinnal-associated melanomas can be classified into 3 broad groups: (1) congenital melanomas (cattle, swine), (2) feline dermal melanomas, and (3) dermal melanomas of Angora goats.

Congenital neoplasms are rarely reported in domestic animals. There are even rarer case reports documenting dermal melanomas with pinnal involvement. One report documents a male, red Sindhi calf with a congenital pinnal melanoma that was discovered at birth, prompting curative pinnal amputation. One earlier report involved the root of the ear in a Japanese black bovid and 2 different cattle with left mandibular expansive masses that extended to include the ear canal or squamous temporal bone.

Congenital melanocytic neoplasms have been documented as common in swine; however, most authors report the head but do not specifically list pinnae as a predilection site.

Dermal melanocytic neoplasms frequently affect dogs, and most are benign. In cats, melanomas are far less common, reportedly accounting for 0.5% of feline cutaneous neoplasms. Based on several studies, dermal melanomas in cats most frequently involve the head, and head tumors are most often pinnal. There is conflicting evidence in the literature regarding biological behavior of these aural tumors, with 2 large studies strongly asserting that pinnal melanomas are nearly uniformly benign, whereas a third retrospective study found 12% of aural melanomas were malignant.

The final group involves *ultraviolet (UV) radiation-induced melanomas in Angora goats.* The Angora breed is described as brown-eyed, white-skinned goats with dense pale mohair except for the ears, nose, and perineum. Prevalence rates are much higher in goats that graze in low latitudes, such as northern Africa, India, New Zealand, and Australia, where there is high solar UV exposure. The anatomic sites with the least protection from UV radiation include the dorsal, convex surface of the pinnae, base of the horn, and the perineum.

Young goats in Australia were observed to develop *lentigines* (sharply circumscribed regions of epidermal hyperplasia confined to the epidermis) beginning at 3 months of age and peaking by 2 years of age. These benign proliferations remained unchanged in appearance and number between 2-3 years of age. Lentigines are considered possible but not obligate melanoma precursors.

Malignant melanomas develop in older goats, with a peak age of 4-5 years of age. They are considered by many to be highly malignant, commonly spreading via lymphatics and blood vessels to regional lymph nodes, liver, and lungs as well as other parenchymal organs. Tumors tend to be multiple, dermoepidermal, or subcutaneous and black. Microscopic features include large, anaplastic epithelioid melanocytes mixed with spindle cells that are variably pigmented. Mitotic figures are numerous and frequently bizarre.

##### Uncommon pinnal mesenchymal tumors. {#s1610}

A small number of reports document uncommon causes of pinnal neoplasia in cats. *Rhabdomyoma* has been reported in a series of 4 cats as discoid, well-circumscribed, nonulcerated masses affecting the convex surface of the ear. Histologic features included whorls and bundles of spindle-shaped cells with cross-striations and rare mitotic activity. All cats were white and 6-7 years of age. Excision was curative in all cases.

Cutaneous *hemangiosarcomas* are infrequently reported in cats. With a mean age of 12.5 years, 50% of reported cases affect the pinnae. Neoplastic endothelial cells displayed variable anisokaryosis, chromatin patterns, and mitotic index. Solar elastosis, acanthosis, ulceration, and hemorrhage were reported in several cases. Most of the affected cats were white.

Rarely, *fibromas and fibrosarcomas* have been reported in cats and dogs, and a single case of a fibroleiomyoma was reported in a pig. *Sarcoids* may involve any location in horses and cats but have been reported to commonly involve the head and pinnae of cats.
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### External ear parasitism {#s1625}

Several parasites preferentially or exclusively infest the external ear of domestic and wild mammals. In other cases, only a portion of the life cycle involves the external acoustic meatus (EAM). Parasitic maladies include otoacariasis (ear mite infestations), ear ticks, and nematodes.

#### Otoacariasis {#s1630}

***Raillietia* spp.** are tiny, blood-feeding mites that parasitize the deepest portions of the EAM and external surface of the tympanic membrane affecting cattle, goats, and buffalo in the Americas, Australia, Great Britain, Europe, and the Middle East. Infestations frequently go undetected because host species display no clinical disease, or tiny mites deep in the EAM remain obscured from otoscopic view because of thick plugs of exudate. External ear lesions include mild to moderate, suppurative otitis media, mild parakeratotic hyperkeratosis, and acanthosis, with an inflamed but typically intact tympanic membrane. Infrequently, tympanic membranes become perforated with mites also infesting the tympanic cavity, and animals develop suppurative otitis media as well as suppurative bulla osteitis, resulting in signs that may include ataxia, head tilt, circling, and inability to right themselves.

In cattle and buffalo, *Raillietia auris* has been associated with transmission of a rhabditiform nematode, *Rhabditis bovis*. A link between *Raillietia caprae* infections in goats and concurrent *Mycoplasma* spp. isolated from the ears has been made, either related to acquisition through blood ingestion or possibly by transovarial or trans-stadial transmission. Finally, various other bacterial and fungal infections may be concurrently cultured from ruminants infected with *Raillietia* spp.

Described as the most common parasite associated with otitis externa in dogs and cats, ***Otodectes cynotis*** is associated with severe pruritus and a dark otorrhea likened to ground coffee representing cerumen, keratin, exudation, and mite waste. It is estimated that \>50% of feline otitis externa is related to *O. cynotis* infestations compared with 5-10% in dogs. These mites reside deep in the EAM and instigate intense epidermal irritation ([Fig. 5-92](#f0500){ref-type="fig"} ). Mites feed on lymph and whole blood, resulting in introduction of salivary antigens and sensitization. Thus intensity of pruritus may be related to an underlying immediate-type or Arthus-type reaction. Protective immunity may develop in cats. Infestations are typically bilateral, and the mites are extremely contagious, often traveling from dam to nursing young. Histologic lesions include epidermal hyperplasia with mixed hyperkeratosis and crusts. Ceruminous glands are both hypertrophied and ectatic. A mixed infiltrate is present in the dermis, including lymphocytes and macrophages. Animals may develop auricular hematomas, otitis media, and vestibular dysfunction, and convulsions may occur with severe, long-standing infestations.Figure 5-92An ***Otodectes cynotis* mite** is present in the external acoustic meatus of a cat. The reaction includes hyperkeratosis, epidermal hyperplasia, and mostly mononuclear cell infiltration of the superficial dermis with exocytosis through the thickened epithelium.

There are several ***Psoroptes* spp.;** however, only *P. cuniculi* are found to preferentially infest ears of goats, sheep, horses, and rabbits. In some regions, coinfection with *Raillietia* spp. may occur. Surface irritation within the EAM leads to luminal cerumen, lipids, keratin, and crusts that sustain these mites and manifest as intense pruritus. Histologic changes include epidermal hyperplasia with variable hyperkeratosis and crusts, and perivascular, eosinophilic dermatitis.

***Demodex* spp.** infestations are recognized as primarily localized or generalized, noncontagious cutaneous disease resulting in folliculitis, furunculosis, and pleocellular dermatitis in reaction to intradermal mites, and often secondary pyoderma. Primary otitis is a rare, sporadic form of demodicosis that primarily causes an intensely pruritic, refractory ceruminous exudative otitis externa in dogs and cats.

**Trombiculosis** is a rare form of otoacariasis caused by *Neotrombicula autumnalis* (Europe) and *Eutrombicula alfredduggesi* (southeastern and south-central United States), more commonly referred to as "chiggers" or harvest mites. Parasitic larvae occasionally infest cats, dogs, horses, people, and birds, causing papulopustular dermatitis of the ears and feet, whereas adult mites are free living in soil and leaf litter. Lesions are more commonly reported in cats in autumn months. The cutaneous margin pouch, also referred to as Henry\'s pocket or pouch, is the preferential site for infestation. Infesting larvae are red-orange, hexapod, and much smaller than *O. cynotis*. Cats may be clinically unaffected or intensely pruritic with evidence of periaural self-trauma. This difference may also reflect a hypersensitivity reaction.

#### External ear ticks {#s1635}

***Ixodidae* ticks** are the large family of hard ticks that possess a scutum, the Latin term for their hard shield. Infestation in production animals is a global scourge with related poor weight gain, a drop in milk production, impaired immunity, anemia, or a combination. In addition, these ticks act as vectors for infectious diseases that include rickettsia, spirochetes, protozoa, and viruses.

Ixodid ticks lacerate the skin using cheliceral digits, allowing insertion of their hypostome to begin feeding. Specific cells in type II and III salivary granular acini secrete proteins and lipids that congeal around the embedded hypostome to form a cone of cement that anchors the tick to the host to allow long feeding periods. During feeding, blood drawn in through the hypostome alternates with deposition of saliva contents that include anticoagulants, anti-inflammatory factors, complement inhibitors, immune modulator defensins, and chemokine binders called evasins. Similarly, salivary glands and the midgut serve as the sources of infectious bacteria, protozoa, and viruses.

***Amblyomma maculatum,*** or the *Gulf Coast ear tick*, plagues the pinnae of livestock in the states with proximity to the Gulf of Mexico. This is a hard tick that commonly infests small rodents, but the host range includes cattle, goats, horses, mules, pigs, wild ungulates, raccoons, coyotes, foxes, dogs, and cats. Larvae and nymphs engorge on birds or small mammals, but adults attach to and engorge on the pinna of larger mammals. Infested pinnae tend to droop forward and over time will become severely deformed, resulting in an ear morphology referred by some as "gotch ear." Histologically, a brightly eosinophilic cone of cement in the dermis encircles the hypostome surrounded by marked edema and necrosis associated with large numbers of neutrophils, macrophages, lymphocytes, and variable numbers of eosinophils ([Fig. 5-93](#f0505){ref-type="fig"} ). Presumptively, this intense inflammation may lead to cartilage injury and distortion.Figure 5-93An 8-month-old calf with **"gotch ear."** The hypostome (H) of the *Amblyomma maculatum* tick is embedded through the epidermis into the dermis surrounded by a brightly eosinophilic cone of cement (C). There is marked necrosis and suppurative dermatitis surrounding the hypostome. In the upper right corner are cross-sections through the segmented legs of this tick (L).

Another group of ticks that preferentially infest the host ear are ***Rhipicephalus* spp.** The lesion described for *A. maculatum* is similar for *Rhipicephalus* spp. infestations. *Rhipicephalus appendiculatus* is known as the *brown ear tick,* which is distributed in eastern, central, and southern Africa. Large and small ruminants, horses, carnivores, and hares serve as natural hosts of this tick. Several *Ehrlichia* spp. are transmitted by these ticks, including *Theileria parva*, the cause of East Coast fever; *Ehrlichia bovis*; lumpy skin disease virus; and Nairobi sheep disease virus. *Rhipicephalus sanguineus* is one of the most widely distributed ticks, with the dog serving as the primary host and so named the *brown dog tick*.

Tick larvae and nymphs of ***Otobius megnini,*** also known as the *spinose ear tick*, infest deep in the external ear canals of most domestic species, most commonly reported in horses, cattle, sheep, camelids, dogs, wild large mammals, and rarely people. These are the only argasid ticks that commonly infest domestic mammals native to North and Central America. No infectious organisms are vector transmitted by *O. megnini*. Adults are nonparasitic, laying eggs on the ground; however, larvae access the host from vegetation and locate to the EAM. Within a few days, they molt into nymphs and remain within the canal for 1-7 months. Nymphs cause severe and constant local irritation, often confined deep in the EAM next to the tympanic membrane and hidden from otoscopic examination by thick luminal exudate. Rarely, infestations in horses have been associated with colic, muscle pain, elevated creatine kinase (CK) and aspartate aminotransferase (AST), and muscle fasciculations that resolve and return to normal once the ears are successfully treated.

#### External ear nematodes {#s1640}

***Rhabditis bovis*** are tiny nematodes that spend their entire life cycle in the ear canals of affected cattle, transmitted by *Raillietia* spp. More commonly diagnosed in South America and India, rhabditiform otitis externa is more commonly reported in cattle breeds with long, pendulous pinnae (Gyr and Indubrasil breeds). Older cattle are more severely affected than younger animals. In addition to mite infestation, other risk factors include flies, cow dips, high ambient heat and humidity, presence of manure, and possibly the presence of large horns. Chronic, severe otitis externa is associated with bloody and otomiasmic otorrhea. Infections can also lead to distorted or occluded external ear canals, ruptured tympanic membranes, and otitis media with secondary bacterial infections. Facial nerve and vestibulocochlear nerve dysfunction may lead to drooping ears and head tilt, respectively. Up to 10% of severely affected cattle may die with morphologic evidence of microabscesses to gangrenous lesions in the medulla and cerebellum. Histologic changes of the internal ear have not been reported.

***Stephanofilaria zaheeri*** is a nematode that preferentially localizes to the skin of the inner surface of the ear of buffalo in India. Microfilaria may be obtained from infected animals. Grossly, the ears range from normal to alopecic and congested to ulcerated with exudation, hemorrhage, and depigmentation. Microfilaria may be observed in the dermis, hair follicles, or sebaceous glands. The dermal infiltration varies from lymphocytes and macrophages to areas of cavitation associated with macrophages, eosinophils, and plasma cells centered on degenerate microfilaria.
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### External acoustic meatal neoplasia {#s1660}

#### Feline ceruminous cystomatosis {#s1665}

Commonly referred to as *ceruminous cysts* or *ceruminous cystic hyperplasia* or ceruminous cystomatosis, these are dark black to blue to purple, multiple, nodules or vesicles with a typical diameter of 1-5 mm affecting the EAM and inner concave surface of the pinnae. One or, commonly, both ears are affected. One report determined a predilection in Abyssinian and Persian cats; however, any cat breed can be affected. These cystic growths can be progressive and may lead to obstruction of the EAM.

#### Ceruminous gland neoplasms {#s1670}

Ceruminous glands are specialized apocrine glands localized to the EAM and lower portion of the inner pinna. These glands consist of a secretory epithelium that rests atop myoepithelial cells with a surrounding basal lamina. These glands lie deep to sebaceous glands and have ducts that empty either into follicular infundibula or directly onto the epidermal surface of the external ear. Luminal contents are variably described as green-brown to orange-brown glassy, representing the apocrine secretion of ceruminous glands. This more watery secretion mixes with the holocrine, lipid-laden secretion of sebaceous glands to form *cerumen*.

Neoplasms arising from these glands are morphologically similar to apocrine gland neoplasms found elsewhere in the skin. Ceruminous gland neoplasms have only been reported in dogs, cats, a ferret, and rarely in people. Primarily with reference to dogs and cats, neoplasms are classified as adenomas, adenocarcinomas, and mixed or complex ceruminous gland tumors.

*Ceruminous gland adenomas* are diagnosed in both dogs and cats but are considered more common in the dog. Adenomas tend to be large and may partially or completely occlude the EAM. They most often manifest clinically as chronic otitis externa, and as a result, adenomas are most often associated with chronic, ongoing inflammation. They tend to be lobulated masses composed of cuboidal to columnar epithelial cells that form tubules or papillary proliferations. Neoplastic cells display minimal pleomorphism and rare mitotic figures. Plasma cells tend to predominate within the periglandular dermis with mixtures of neutrophils in the dermis as well as in glandular lumens. Dysplasia of pre-existing glands may be present. Several authors report the difficulty in differentiating chronic otitis externa with ceruminous gland hyperplasia, and dysplasia from ceruminous gland adenomas.

*Ceruminous gland adenocarcinomas* are diagnosed in both dogs and cats and are more common in cats than are adenomas. Neoplastic cells tend to be more pleomorphic with large, vesicular nuclei and a single, prominent nucleolus per nucleus. These neoplasms tend to be locally invasive and are more difficult to delineate. Mitotic figures tend to be more numerous, with one author determining that a mitotic index of ≥3/high-power field in cats was associated with poor long-term survival. Nodal metastasis has been reported to occur in a minority of cases in both dogs and cats. Pulmonary metastasis is reported more commonly in dogs compared with cats; however, overall, this is normally \<10% and late in the disease.

*Mixed or complex ceruminous gland tumors* are morphologically similar to their counterpart in apocrine gland tumors, comprising mixtures of epithelial and myoepithelial proliferation as well as stroma that displays chondroid metaplasia, possibly with concurrent osseous metaplasia. This neoplastic phenotype has rarely been reported in ceruminous gland tumors but is commonly found with apocrine gland tumors elsewhere in the body.

#### Other external acoustic meatal neoplasms {#s1675}

Other neoplasia affecting the EAM includes carcinomas of undetermined origin, squamous cell carcinomas, and rarely a variety of other mesenchymal tumors that more commonly affect the pinnae. One study found that only malignant neoplasms involved both the EAM and the bullae in dogs and cats.
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### Histologic preparation and examination {#s1695}

Laboratories that specialize in human temporal bone processing and sectioning within North America tend to use very specialized techniques and reagents that are not commonly used for routine tissue processing. Instead of formic acid--containing demineralization solutions, buffered, cold ethylenediamine tetra-acetic acid (EDTA) solutions are used to slowly removed calcium from the otic capsule, a process that takes several months as opposed to days or weeks. Paraffin-embedding is replaced with celloidin, and the process requires several steps that make use of chloroform. On average, nearly a full year after the temporal bones are collected, stained slides are available for histologic examination. The entire block is sectioned, and every tenth slide is stained. Complete assessment of all turns of the cochlea, the vestibular system, the middle ear cavity and associated structures, and the portion of external ear present encompasses more than 30 glass slides. The final product is absolutely gorgeous, with exquisite retention of detail of the spiral organ and vestibular membrane. This process is impractical for routine veterinary diagnostic laboratories.

In most veterinary histology laboratories, tissue samples are formalin fixed and paraffin embedded. In high-throughput veterinary laboratories, bony samples are often processed in decalcifying reagents that use acids to help rapidly soften bony tissues to minimize processing delays and facilitate prompt final diagnoses. Although this is likely fine for histologic examination of an external ear or middle ear, the internal ear requires more fastidious demineralization techniques. Additionally, the spiral organ and vestibular membrane are extremely delicate, prone to damage from tissue processing, and presumed to rapidly autolyze postmortem. Therefore, if examination of the internal ear is of greatest importance, rapid collection and fixation of the bony and membranous labyrinth are paramount for histologic sections to be most useful.

For dogs and cats, routine sections that include the external, middle, and internal ear compartments on a single glass slide are well documented in the Further reading section. Briefly, following formalin-fixation and proper demineralization of the otic capsule and associated temporal bone, using commercial solutions with various concentrations of formic acid, a sharp blade is positioned so that a shallow portion of the external ear, tympanic membrane, associated ossicles, tympanic cavity, and portions of the cochlea and vestibule are included in the section. The plane of section may be ventrodorsal through an opened tympanic bulla, with the blade directed through to the inner surface of the petrous portion of the temporal bone, or mediolateral, with the blade directed toward the external acoustic meatus. Either technique will allow assessment of most of the ear compartments in a single section.

Few methods are published for assessment of the internal ear of livestock species; longer periods of time are required for demineralization as well as trimming modifications related to anatomic variation between species. Whereas demineralization of feline and canine temporal bones may take 2-4 weeks, demineralization of the petrous portion of the temporal bone of a horse will take several months and numerous, regular changes of the commercial demineralization solution.
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[^1]: *EGF,* epidermal growth factor; *HGF,* hepatocyte growth factor; *IL-1,* interleukin-1; *MCAF,* monocyte chemotactic and activating factor; *PDGF,* platelet-derived growth factor; *TGF-β,* transforming growth factor-β; *TNF-α,* tumor necrosis factor-α.

[^2]: Listed in order of occurrence following shallow corneal mechanical injury.
